1 



This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not Hmited to): 



BLACK BORDERS 



TEXT CUT OFF AT TOP, BOTTOM OR SIDES 



FADED TEXT 



ILLEGIBLE TEXT 



SKEWED/SLANTED IMAGES 



COLORED PHOTOS 



BLACK OR VERY BLACK AND WHITE DARK PHOTOS 



GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



p 

/ 



PCX 



WORLD INTELLECnJAL PROPERTY ORGANIZATION 
International Bureau 



'(IT 111'; 



INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatioiul Patent Classificatioo 6 : 

A61K 38A8, 38/39, C07K 14/495, 
14/475, 14/78 



Al 



(11) Internatioiial Publication Number: WO 96/38168 

(43) International Publication Date: 5 December 1996 (05.12.96) 



(21) International Application Number: PCT/US96/08210 

(22) International Filing Date: 31 May 1996 (31.05.96) 



(30) Priority Data: 
459.717 



2 June 1995 (02.06.95) 



US 



(71X72) Applicant and InventM^ GROTENDORST, Gary, R. 
[US/US]; 8735 Southwest 122nd Street, Miami, FL 33176 
(US). 

(74) Agents: HALLUIN. Albert P. et al.; Pennie & Edmonds, 1 155 
Avenue of tlie Americas, New York. NY 10036 (US). 



(81) Designated States: AL, AM, AU, AZ, BB, BG, BR, BY, CA, 
CN, C2, EE, FT, GE, HU, IS, JP, KG, KP. KR, KZ. LK, LR, 
LS, LT, LV. MD, MG, MK, MN, MX, NO, NZ, PL, RO, 
RU, SG, SI, SK. TJ, TM, TR, IT, UA, UZ, VN, ARIPO 
patent (KE. LS, MW, SD, SZ, UG), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, DE, DK, ES, FI» FR. GB, GR, IE. IT, LU, MC, 
NL, PT. SE), OAPI patent (BF, BJ, CF. CG, CI. CM. GA, 
GN, ML, MR. NE, SN, TD. TG). 



Published 

With international search report. 



(54) Titte: METHODS AND USES OF CONNECTIVE TISSUE GROWTH FACTOR AS AN INDUCTION AGENT 
(57) Abstract 

The present invention relates to novel methods and compositions related to the administmtion of connective ^"'"c ^wUi 
alone or in^bination with other growth factors, compositions or compounds, to induce the formation of comiective tissue, including 



bone, cartilage, and the skin. 



BNSDOCID- <WO 96381 6aA1J_> 




FOR mk Purposes of information only 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCX. 



AM 


Anncfuft 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


. "Georgift ^ . i_ 


MX 


■ Maioo 


AU 


Australia 


ON 


Guinea 


NE 


Niger 


BB 




,•■ 


- Greece-' . ■ / r 


ML 


Netheriaiads 


BE 


Belgium 


HU 


Hungary 


NO 


iNorway 


BF 


Buricina Faso 


IE 


Ireland 


N£ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


^'^-Bcnin^ . 


/x ■-' JIP*^ . 


. 'Japan 'V' - 


PT , 


PoRugal 


BR 


Brazil 


KB 


Kenya 


RO 


Romania 


■ BY 


Belarus - t- - ' ' 


: KG 1 


•Kyrgystan 


. RU 


Russian Fc<lrration ' 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sidan 


CF 


Cc^itral African Republic 




-of Korea ■ ' 


* SE 


, ^ S weden : 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


SwitzerUiid " * ' 


• kz ' 


Kazakhstan * 


- . - . ■ 'SI 


■ . Slovenia . . ' - j ■ 


CI 


. Cete d'lvoire 


LI 


tiechreastein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Laika " 


' ' SN 


Senegal 


CN 


China ■ • [ ; . .^ 


.-.LR 


Libena 




Swaziland 


CS 


Czechoslovakia . ■ - 


LT 


Lithuania 


TD 


Oud 


CZ 


; Czech Republic ; ; ■ 


US . 


■ Luxembourg 


TG 


Togo 


DE 


Germany 


LV " 


Latvia 


TJ 


Ta,p]cistin 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


FmUnd 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



BNSDOCIO: < WO 96381 68A1 I > 



WO 96/38168 PCTAJS96/08210 



METHODS AND USES OF 
COKNECTXVE TISSUE GROWTH FACTOR 
AB AN INDUCTION AGENT 



The information disclosed in this Specification was made 
in part with Government support by grant no. GM 37223, 
awarded by the National Institute of Health. The government 
10 may have certain rights in the invention disclosed in this 
Specification. 

1* STATEMENT OF RELATED CASES 

This application is related to and is a continuation-in- 
15 part application of Serial Number 08/459,717, entitled 

"Connective Tissue Growth Factor," filed June 2, 1995, which 
is a continuation-in-part application of Serial No. 
08/386,680, filed on Februeury 10, 1995, having the same 
title, which is a divisional application of Serial Number 
20 08/167,628, filed December 14, 1993, now issued as U.S. 

Patent No. 5,408,040, which is a continuation of Serial No. 
07/752,427, filed on August 30, 1991, now cJ^andoned. 

2 • FIEU) OF THE INVENTION 

25 This invention relates generally, to the field of growth 

factors and specifically to Connective Tissue Growth Factor 
(CTGF) and methods of use thereof . 

3. BACKGROUND OF THE INVENTION 

30 A. The Role Of Growth Factors In Bone And cartilage 

Formation 

Bone And Cartilage Formation. The formation of 
tissue and organs in all multicellular organisms that arise 
35 from a single fertilized egg requires the differentiation of 
specialized cell types from non-differentiated stem cells. 
As embi^ogenesis proceeds, more highly specialized cell types 
and complex structures are formed. Currently, however, little 
concrete information is available on the identification of 
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the specific factors or the mechanism of action of these 
factors on sk letal or cartilage formation in vertebrate 
animals, including humans.. 

There are two common types of bone formation in the 
S maunmalian system:, intramembranous ossification and - 

endochondral ossification i The formation of the bones of the 
skull are an example of intramembranous ossification* There, 
mesenchymal cells from the neiiral crest interact with the 
extracellular "matrix of the cranial ep>itheliai cells and form 
10 bone. Hall, Amer. Sci^ ,1938, 76174-181. Mesenchymal cells 
condense into small islands and differentiate into 
osteoblasts and capillaries. - The osteoblasts secrete a 
specific type of extracellular matrix, (osteoid) which is- 
capable of binding calcium salts.. 
15 Endochondral ossif ication is the process by which the 

long bones of the axial skeletion (arms and legs) , and the 
vertebra and ribs* form. Hall, supjra. Dxaring- this process, 
the formation of bone^occiirs via a cartilaginous tissue 
intermediate^ stage. In siamnals, the: long bones form from 
20 certain mesenchymal ' cells in the esabrydnic limb buds. These 
cells form chondrocytes, and secrete dvearti lag inous matrix, 
other surrovmding mesenchymal cells form the perichondrium' 
(ultimately, the periosteum^) . In some' cases,, chondrocytes 
adjacent to the region whar^:^ chondrocytes ' are proliferating 
25 and forming dlf f erentiate dnto hypertrophic chondrocytes • 

Hypertrophic chondrocytes-produce' a different type of t 
matrix, and alter their tissue orientation^^vto form the 
physic. The structure of i^the phy&is is arranged in multiple 
' cellular columns composed of zones of cellular hypertrophy, 
3 0 proliferation,' ossification and vascularization. Hall, 

kupira; Gilbert, "Transcriptional regulation of gene ^ 
expression, ^ DEVELO^MENT&L BIOIiDGY,: Sth ed. Sinaur Assoc . > p . 
387-390 (1994) • This results ih~ a gradation of cell 
transformation from chondrocytes to osteoblasts which form 
35 the mineralized bdhe. * - :■^ / 

Endochondral ossification is an active, ongoing process 
that occurs in mammals during th growth from infant to 
adult. The differentiation of m senchymal cells to 
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chondrocytes , their proliferation, and replacement by 
osteoblasts are dependent on growth factors (including the 
TGF-jS family), and on the mineralization of the matrix. 
Tuan, 1984, J. Exp. Zool. (suppi.) 1:1-13 tl984); Syfestad 
and Caplan, 1984, Pevel:. Bxol .104: 348^386 • 

With regard to connective tissue, it is felt that all 
skeletal elements, in meunmals are derived from a single stem 
cell that is capeUDie of differentiating -into the. specific 
cell types that compose muscle:, cartilage, -bone and tendon. 
These cells also appear to be capable of differentiating into 
adipose tissue. n - 

The ISelevrane Art Related To Growth Factors And The 
Formation Of Bone And Cartilages Prior to the present . 
invention, it was ]cnown generally that growth factors 
comprise- a class of secreted polypeptides that stimulate 
target cells to proliferate, differentiate and. organize 
developing tissues.; Typically, a growth : factor/ s activity is 
dependent on its ability torbind to specific receptors, 
thiereby stimulating a .signaling, event within the cell. 
Examples' of some well-stwdied. growth factors , include 
platelet-derived growth factor (PDGF) , insulin-like growth 
factor t^GF-I) , transforming growth factor beta family (TGF- 

, transforming growth • factor alpha ; (TGF-a) , epidermal 
growth factor IBGF) ; - and fibroblast growth factors (FGF) 

Effect. Of TGFrp On Chondrocyte Growth, . 
Differentiation and C&rtilage Formation. The TGF^^s play a 
role in chondrogenesisi As previously reported, TGF-/?! and 
TGF-/S2 increase chondrogenesis in embryonic rat mesenchymal 
cells (Seyedin,:et al. . , 1387, J. Biol. CheB. 262 ; 1946-1947), 
and either isoform can induce formation , of chondroblasts from 
murine muscle mesenchymal- cells : in cultxire. Seyedin. ©t ai., 
1986v V. Bxol* Chain. 261 r 5693-5695* V Application of: the TGF- 

to murine embryonic .precdaondroid -tissues increases 
diff erentiation tof mesenchymal cells, product ion, pf- 
proteoglycans, and replication of chondrc^lasts. Centrella, 
et al./ 1994, Endocrine Reviews 15:27-38; Thorp and Jakowlew, 
1994, Bone 15: 59-64c i. . . .. 

- 3 - 
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i Using in-sit:u tiybri<iizat:±^^^ ased levels of TGFt-j83 

were found in the growth plates of animals with thr e 
separate disorders 'where chondrocytes cease to differentiate. 
Xd. In organ cultures of bovine articular cartilage, type II 

5 collagen and proteoglycan synthesis wejre increased after TGF- 
/S administration. Morales and Roberts, 1988, J. B±ol. Chem. 
263 ; 12828- i2831. In contrast , the TeF-/Ss have been showh to 
decrease; expression of type II and type X cartilage-specific 
collagensv synthesis of chondrocyte proteoglycans, and 

10 activity of alkaline phosphatase in ' cultuz'ed chondroid cells. 
Miindy. ''The effects of on bone," Clinical Applications 

of TGF"^., 1991, Wiley Chichester, Ciba Foundation Symposium 
157 ; 137-151. Rabbit growth plate chondrocyte 
differentiation is inhibited by TGF-fi, while growth plate 

15 chondrocyte mltogenesis is increased. Kato; et al., 1988, 

Proc. Natl. Acad. sal. USA 85 2 9552-9556. In addition, large 
concentrations of TGF-jSr or TGF-/S2 added to an osteoinductive 
model favor cartilag©> rather* than' the preference for bone 
formation/ when smaller' doses are used. Hundy, supra. This 

20 accumulation of aj^parently contradictory data has hindered 
efforts to 'define a functibn f or the TCF-/?s iii 
choiidrogehesis. ' ' " ■ • " 

S^e' Bone lfdrpho^32ilc^ A 
family of' proteins termed^ the bone mor^ho^enetic proteins 

25 (BMP's are capabXe Of iridiicing ectopic bbn^^^^^ in 
certain mammalian species. With the exception of BMP-1, 
Which encodes a metalloprbtease/ all "of these proteins have 
stJTUctures that are' related to TGF^iS. - However, it is not 
known which,' if any of- the BMP's are responsibre for the 

30 regulation of bone formation 'dturing 'normal embrydgenesis- 

BHP's were first isolated firom demiheralized bone as 
factors that induced bone at- extra skeletal ectopic sites. 
Three * peptides were originally identified as BMP-^l^ BMP-2A, 
and BMP-3. Celeiste, et ali> 1990 p Proc. ^rati Acad. Sci. USA 

35 87s 9843^9847; Kubler and Urist, 1990, Cliji. Orthopedics and 
RbI. i?es. 258: 279-294, The latter two BMP s are members of 
the TGF-^ superfamily. Sxibsequently , five more closely 
related members of the BMP group have been identified and 
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clon d. BMP-5, ,BMP-6,;.:and BMP-7 are most similar to vgr/60A, 
while BMPt2 and BMP-4 are mo^: similar to Decapentaplegic. 
Both vga/60A and Decapentaplegic are. Drosophila genes that 
control dorsal /ventral axis pattern formation. Hoffman, 
1992, Moi. RBpro and Dev. 3^2;: 173-178. _ 

In-situ hybridization has localized BMP's gene 
transcription to areas of bone formation in. the limb bud at 
specif ic times during, development, suggesting a physiolpgio 
role.. ;The ^MPs ' induce adventitial post-fetal mesenchymal 
cells to switch from fibrogenetic to chondroosteoprogenetic 
patterning. Kuibler and ^Uristr supra. Several lines of data 
suggest the BMPs may act synergistically with TGF-iSs to 
initiate the cascade of osteoinduction in^vivo. In murine 
subcutis, TGF-jSl i enhances- the production of ectopic bone by 
most BKPs. BMP?-6 (also known as VGR-l) is expressed in 
hypertrophic cartilage at the same time . and. in the same areas^^ 
as the TGF-^s, and- is associated- with collagen :type X ; 
expression. See, Celeste,, et al,i> supra. ; 

The addition of: TGFflrr2 to bpne explants. which have been 
treated with either BlCP-2 /or BMPr3 , results in increased 
osteoinductive activity and an increased ratio of cartilage 
to bone when compared to either factor alone. Bentz, et ai., 
1991, Matrix ,Mr269-275. v. However, -t^ effect of 

these proteins .by th,e,iTCFt-/Ss .i^ TGF-^1 has 

been shown to . directly decrease BOT-2 e^^ fetal rat 

calvaria cultures. ; Harrisv et al., 1994, J. Bone and Mineral 
Res. 9 1 . 855-863. Since BMP?-2 is japparently important in bone 
cell differentiation, it has been .suggested that TGF-^jSl may 
be acting as a switch tq monitor the differentiation fates of 
chondro- or psteo- blast ic^prec^lrsors. i . ■ ■ . 

Othex^ Factcz-s :Fovind To Be Expreaaed In D&v^lopxng 
Tissue. Cyr61 is a, growth regulator which has b^en found to 
be expressed in developing mouse embryo and e3^ 
tissues. O'Brien and Lau, 1992, rCell Growth Differ .y 3:6^5- 
654. Cyr61 is related to but distinct from CTGF and prior to 
the instant invention, the specific activity of Cyr61 was not 
known.« — •.• r,..- .,.. • - 

- 5 - 
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B. Tlid Rol Of 'Growth Fac^ rs In Wbo&d Healing * 

Platelet Dexived Growth Factor Asd Kbund Healiizg. 
PDGF is a dimeric molecule consisting of an A chain and a B 
chain. The chains form heterodimers of homodimers and all 
combinations isolated to date are biologically active. With 
respect to the factor's activity,- PDGF has been characterized 
as a cat ionic, heat-stable* protein found in the a-grc^nules of 
circulating platelets. The molecule has been fiiirther 
characterized as a mi^6gen and 'a chembtactic - agent for 
connective tissue cells such as f ibroblasts ahd smootih' muscle 
cells. ' .■^ 

Because of PDGF's bioldgical activiliy and relekse during 
wound healing/ PiDGF has been 'id€iiht:if ied as a growth factor 
involved in wound healing, as well as patholo<?ical conditions 
showing on overproduction of conriectiv<e tissue, inciudfing 
atherosclerosis and fibrotic diseases. 

It has been hypothesized that grbwth factors other than 
PDGF may play a rbie in the normaLl development, grox/th, and 
repair '^f hiimarir tissue. ^ ' -■ ' ' 

TGF'p And Wound Healifigr. The f ormation of new and 
regenerating tissiie requires regulation of 

various gen^s that produce bbth re^gul^€^ and structural 
molecules which participate in ^e process of cell growth and 
tissue organization. As with'bonb ihdubtibh, it appears that 
TGF-/? plays a central regulatb^^^ 

TGF-jS is released by plate lets > msLcrophages and neutrophils 
which are present in the initiar phases of th^ repair 
processl TGF-/S can act as a growth stimulatory factor for 
mesenchymal cells and as a dprowth' 'ixihibitoiry f actdir for 
endotheiiai and epithelial cells. It has been suggested that 
the growth stimuiatbl^ action of TGF-^/S^ appears to be mediated 
via an indirect mechanism involving the indiictibn of other 
genes including grbWth factors ^uch as PDGF. 

Several members of the TGF-/S superfaLmfly possess 
activities suggestiiig possible applications for the treatment 
of cell proliferative disord^s,^ such ds cancer. In 
particular, TGF-^ has been shown tb b potent' growth 
inhibitor for a vairiety of cell types (Massague, 1987, Cell 
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49 : 4 37) , KIS ,has. been shown to. inhibit the growth of human 
endometrial, carcinoma timors in nude mic (Dpnalioe, et al. , 
1981, Ann. Surg. 194 ;472V. and inhibition has been . shown to 
suppress the development of tumors both in .thei ovary and in 
the testis (Matzx^Jc, et ai . , 1992 , Nature , 3j§0 ; 313 ) . 

Many of the i^embers of the TGf-jS family are also 
important mediators of tissue repair . TGF-^ has been shown 
to have marked effects on the forjuation o? collagen and 
causes of striking angiogenic response in thje newborn mouse 
(Roberts, ^t al. , ,1986, Proc^ Natl. Acad. Sci ., as^ 82:4167) • 
The bone morphogenic proteins (BMPs) can induce new bone 
growth and are effective for the treatment of fractures and 
other, skeletal defects (Glowjacki^ .et al., 1981 Lancet, 1:959; 
Ferguson, et jai. , 1988,, Clin. Ortfioped* -ReJat. J?es., 2225265; 
Johnson,, et al. , 1988, Clin . . OrthopBd . Eelat.^ Res., ,.23e:257). 

Coanective Tissue Growth Factor. 

^ ^ A previously unkiipwn g;rawth factor , related to^ 
PDGF, and termed Connective Tissue Growth Factor (CTGF) , has 
been, reported in. a related, patent. , See^ U*S. .Patent No. 
5,408,040. ^CTGF. is a cysteine-fiph mitogenic peptide which 
is selectively induced in fibroblasts after activation with 
TGF-^. Igarashi, ,|et al,, 1^ Mql. Bipl. Cell 4:637-645. 

CTGf is a member of a f amily of peptides that include 
serum induced gene pj:o<^ucts cefip .(Simmon^,,, et al., 1989, 
Proc. Nati. Acad, ScX. USA BS^t 1.17 BrllB2l, cyr61 (O'Brien, et 
al., 1990, ..Mol. Cell . .Biol Ml 
(Ryseck, et al. , 1993,- Cell .Growth Differ. 2:225-233), and 
a chicken transforming g[ene noy , (Jolipt, et al. 1992, Mol. 
Cell Biol . .12 : 10-21 (1992) .CTGF, al^p , shares sequence 
homology with, a drosophila gene ; product, twisted gastrulation 
(twg) (Mason, et .al../, 1994, ^enes & p^y^lop. §,i^^S9-l50l) , 
which determines cell fates dufing. dorsal/ ventral pattern 
formation in the.: embryo, . . 

As reported, in that patent, CTGF i^, thq. product of a 
distinct gene. , As ialsq reported^ in U.S. Patent No. 
5,408,040, CTGF possesses mi1:ogenic activity. „^ The ultimate 
result^ of this mitogenic activity in vivo, is^ the growth of 
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tcurgeted t:£s5ue. CTGF also possesses chemot:actic" activity, 
which is the chemicalLy induced movement of ^ cells as a result 
of interaction with particular molecules.- - ^ 

Although the molecule is antigenically related to PDGF, 
5 there is little if any peptide sequence homology between CTGF 
and PDGF. Ant i-PDGF antibody has high affinity to the non- 
reduced forms of the PDGF isomers smd the CTGF -molecule and 
ten-fold less affinity to - the reduced forms of these- 
peptides/ which lack biological activity, 

10 A second protein; identified as "connective tissue 

growth factor-2" or "CTSF-2,*^ has been repoiH^ Seei, 
per Application No, PCT/US94/07736 (International iPublication 
No» WO 95Voi896) i According to - the PCT * Application; CTGF- 2 
may also be used to ^ enhance the repair of connective arid 

15 support tissue^ Although identified as a cohnective tissue 
growth factor/ CTGF-2 is hot closely'^ related to the CTGF of 
the present invention.' Specifically, the CTGF family is 
comprised of three distinct groups of proteins; CTGF/Fii5^12, 
cyr61 and nov. The protein of the claiimed^ invention falls 

20 witiiin the first group of proteins, as compared to CTGF"2> 
which falls with the cyr61 group.- PCT Application'^ No. 

PCT/US94/07736 at ^^. — ^ . . ■ ; : iT 

Notwithstanding the' identification of varibitis PDGF 
related growth f actoris, including ' CTGF; pjc^ior to the present 
25 invention, such- factor^ h^ve not been -prbvfen to be an 

effective induction agent fbr the- productixDn cf matrices; 
including the induction of Borie ahd/or ciaLrtilage tissue • 

4. SUMMARY OF THE IMVEMTIOH 

30 The sxxbject invention provides novel imiathcyds iand 

compositions for the treatment of diseases; disorders or 
ailments wherein matrix- and /:6r cdhhiective tissue production, 
including the production of - boiie -and/or cartilage, is 
desired. The subject invention *^is likewise directed to the 

35 treatment diseaseis , disorders or ailments wherein the - 
promotion cjf wound "healing is ^desired. - 

More specifically > the compositions of the present 
invention comprise^ CTGt and/or fragments and/ or derivatives 
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thereof (hereinafter collectively "CTGF"), alone or in 
combination with; other growth,' factors. The CTGF used in the 
subject compositions may be either obtained by isolation from 
natxiral sources, synthetic manufacture, or -production by 
recoxabinant genetic engineering techniques. 

In one aspect of the invention, ,the methods of the 
present invention comprise tb© . administration of an effective 
aunount of CTGF, alone .vpr . in coiabinatipn with one or more 
compounds, to treat diseases, disorders . or ailments wherein 
the induction of bone or cartilage tissue -is desired. In a 
preferred embodiment of this method^ such additional compound 
is a growth factor. 

In another aspect of ;^the invention, the, methods of the 
present invention comprise the administration of .an effective 
amount of CTGF, alone or in combination with, one or more 
compounds, again preferably one or more. growth factors, to 
treat diseases disorders , or - ailments wherein the promotion 
of wound healing. is desired. ^ 

In a preferred embodiment of . the invention, the 
composition comprising CTGF is administered directly onto or 
into the ; site, in which bone pr cartilage induction is desired 
so as to induce the formation of such bone or cartilage. In 
another embodiment, thefComposition is formulate 
targeted' deli vairy or alternatively, are designed for the 
release of the .novel compositions in the. relevant site (e.g., 
the wound in whiqh ^cartilage formation .is desired) . In each 
case, the CTGF containing, cpmposition. is appropriately 
formulated for administration to a patient in need. 

5. DEPINITIMIS 

As used in this Specif icat ion, -the -term "CTGF" shall 
mean: (1) a protein encoded by ^ t^ sequence. set 

forth at Figure ICr (2) a protein having CTGF activity 
wherein sjuch protein is encpded by the, amino ^^^^^^ sequence of 
Figure IC wherein one or more, amino acids have been added, 
deleted, mutated, substituted orr OtheTOise. altered 
("derivative") and the /nucleotide sequence encoding said 
protein can hybridize to the nucleic acid sequence of Figure 
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IC under* stringent ^ conditions , -or ( 3 )- a -fragment of CTGF or a 
derivative thereof.- >^'- 

As used in' this Specif ication, the term " induce > " as 
used herein, shall*" mean to produce/ fbnn, to cause to 
5 produce/ or to cause to form; 

As used in this Specification, the phrase "induction 
agent" shall mean an agent, including proteins or other 
biological materials, -which 'causes the- production or 
formation of a specific end result (e.g. , the^ production of 

10 connective tissue) . 

As used in this Specification, the tei-m "polynucleotide" 
denotes DNA , cDNA and/ or RNA which encode untrahs lated 
sequences Which f lank the structural gerie encoding CTGF. For 
example, a p>blynucleotide of the invention includes 5' 

15 regulatory' nucleotide sequences and- 3' untranslated sequences 
associated with ^e CTGF structural gene. A pblyhuclebtide 
of the invention xnrtiich includes the 5' and 3' untranslated 
region is illusisrated in FIGURE IC. The 5' regulatory 
region, including the promoter, is illustrated in FIGURE IB. 

20 A more detailed description of the polynucleotides 

contemplated by the present invention may be f oxind at U.S. 
Patent No. 5;4G8,04b. ^ > r 

As used in this specification , the phrase "stringent 
conditions/" as used here in refers to tho hybridizing 

25 conditions that (ly emploir low ionic strength and high 

temperature for washing/ for example, 0.015 M KaCl/O^ 0015 M 
sodium citrate/ 0.1% SDS at 5C*Ci ; (2) eiriploy during 
hybridization a denaturing agent such as formamide/ for 
example , 56% (vol/vol) f brmamide with 0 . 1% bovine scrxim 

30 albiimin/0 • l4 Ficoll/O . i% polyvihyipyrrolid6iie/50 mM sodiiim 
phoisphate buffer at p& 6.5 with 750 mM NaCl, 75 ioM sodixam 
citrate at 42 •C; 6r ^(3) ^ploy 50% formamide, 5 x SSC (0.75 M 
N^iCl, 0.075 M Sodium 'pyr6phds]^hatei 5- solution, 
sonicatf^d salmon spei^ DNA (50 g/cil) , o.l% SDS> iind 10% 

35 dextran sulfate at 42^ C, with washes at 42**6 in 0.2 x SSC and 

'o.i%'sDsV' ^ - ' • 

As used ih this Specif icat ion, the phra3e "recombinant 
expression vetctor" r fers to a plasmid, virus or 'other 
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vehicl known in the art that ha^, been manipulated by 
insertion or incorporation of the CTGF genetic sequences. 

As used in this Specification, - the phrase 
'^therapeutically effective" means that amounti of CTGF which 
5 is effective in inducing bone or cartilage formation or wound 
healing^^ — 

6« BRIEF DESCRIPTION OF ITO DRAW^ > 

FIGURE lA show5 the structural organization of the CTGF 
10 gene. Exons are indicated by boxed regions, with solid areas 
in the gene corresponding^to the op|3n reading frame. 

FIGURE IB shows a comparison of nucleotide sequences 
between CTGF promoter and. f isp-^12 prpmoter . Identical 
nucleotides are marked with asterisks . The TATA box and 
15 other consensus sequences are indicated and shaded.. The site 
of; transcriptional, initiation is .indicated at position number 

FIGURE IC shows ;the. complete nucleotide and deduced 
amino acid sequence for the CTGFvStructural gene and^S/ a^id . 

20 3' untranslated, sequences V/ ; - m 

FIGURE 2 shows .experimental iJ3 situ hybridization 
results related to the expression of CTGF transcripts in the 
growth plate of long, bones in newborn miqe.. The in situ 
hybr.idization experiments were performed .using an antirsense- 

25 CTGF RNA probe a%.;described below. ; Chondrocytes in the, 
proliferation zone are strongly positive for CTGF gene, 
expression,: indicating that GTCF ;.is produced at sites of 

cartilage growth. / ^ ; - t ^ f 

FIGURE 3 shows the expression of the CTGF gene duy^ing 

30 embryogenesis wherein , a transgenic mouse is constructed using 
a fusion gene constructed from, a CTGF promoter and a ^- 
galactosidase structural gene* -This, gene, introduced into 
tjie germ line, expresses sites of CTGF. 

expression and can be detected by. , histocheiDical means, by. 

35 expressing sections of the. developing transgenic a to 
the siibstrate X-gal which deposits a blue color at. sites of 
^-galactosidase activity.: Panel is a. 12 day mouse embryo 
from such a transgenic mous The blue staiii>ing is an. ar^ a 
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destined "to become, Meckel ' s caartilage, which is the first 
ccirtilage to. form. .Panel B is a. photograph of* the hind limb 
and paw which demonstrates staining at the ends .of the long 
bones and in 1:he paw in the growth plates of the metatarsal. 
5 FIGURE 4 provides evidence of inductd on of caurtilage and 

bone in cultures of C3H10T1/2 mouse embryonic stem^cells. 
C3H10T1/2 ceils were cultured^ as described under * methods. 
Cells were treated with eitherv^ nothing (Panel A) , 5 - 
azacytodine (Panel B) , CTGF at - 50 ng/ml (Panel C) or 5- 
10 azacytodine ^followed by CTGF- (Panel D) . > 

FIGURE 5 sets; forth Northern blot analysis of dGF gene 
expression in wound chcimbers implanted at sites of bone ^ 
regeneration'.' - 
FIGURE 6 sets forth evidence related to the expression 
15 of CTGF in human: osteoblasts; iil response to TCF-zSv 

FIGURES i 7 A-7D set forth> results of a chondrogenic^ assay. 
. FIGURE. 7A provides^ the chondrogenic assay results 
for the control* cultixre. :c v^,- , : . ^• 

FIGURE 7B' provides the chondrogenic assay ressults 
20 for a culture in which 5 ng/ml TGF-^^l was added. 

FIGURE 7C provides the chondrogenic assay results 
for a culture in which 5 ng/ml T5F-/?! and 10 ng cholera toxin 
were added. . : ' r^-r- r: • .f.. ^ 

' FIGURE 7D provides the -chohdrcgenic assay results 
25 for a culture in which 5 ng/ml TGFTjSl, . ID ng/ml cholera ' 
toxin, and 5 ng/ml GTGF were: added. : . ^ ? 

'FIGURE 8 A is a Scatchard Plot reflecting CTGF binding to 
KRK ce:lls." - ■ - 

FIGURE >SB is a Seta chard "Plot reflecting CTGF binding to 
30 rat chohdroblasts. : ' . , .r,'^ : • ; . . ^ 

7. DETAIIiED DESCRIPTION OF THE INVENTION 

' 7.I. Methods For MaXing CTGF ' - 

/ ^NuGl&ic Acid Sequences -Encoding CTGF.:. In : 
35 accordance with the invention, nucleotide sequences encoding 
GTGF or fxmctiSnai equivalents- thereof may be used to 
generate recombinant DNA molecules that direct the expression 
of the protein or a 'functional equivalent , thereof , in 

- 12 - 



BNSDOCID: <WO 9638168AlJ_> 



PCT/US96/08210 



-WO 96/38168 



appropriate host: cells* Aliternatively , nucleo'tide sequences 
which hybridize, under stringent position, to portions of the 
CTGF sequence may also be .used in nucleic acid hybridization 
assays, Southern and: Northern blot, analyses, etc. In yet 
5 another method, DNA molecules encoding CTGF may be isolated 
by hybridization procedures comprising antibody screening of 
expression libraries. to detect shared structural features* 

Due to the: inherent degeneracy of the genetic code, 
other DNA sequences which encode ^substantially the same or a 
10 functionally equivalent amino acid sequence , , may be isolated 
and used in the practice of:. the invention for the .cloning and 
expression of CTGF; Such: DNA sequences include those which 
are capable of hybridizing to the human CTGF sequence under 
stringent conditions. 
15 Altered DNA sequences wh^ich may be used in. accordance 

with the; invention includie deletions , additions or 
sxibstitutions of different nucleotide residues resulting in a 
sequence that encodes the same or a functionallyv equivalent 
gene-product. The gene product ditself may contain deletions, 
20 additions or siibstiitutions of .8unino' acid; residues within the 

CTGF sequence, which . result:^ in ^ silent change thus producing ^ 
a ftanctionally equivalent prbtein. ? Such: eunino acid 
substitutions may be made on the basis of similarity in 
polar ity;;> charge > solubility, hydrophobicity, hydrophilicity,^ 
25 and/ or the amphipdtic ..nature of ;tthe residues involved* For 

example r negatively charged amino acids include aspartic acid 
and glutamic acid; positively charged eunino acids include 
lysine and argininej amino acids with uncharged polar head 
groups having similar hydrophilicity values include the 
30 following: leucine, isoleucine, valine; glycine, analine; 
asparagine, glutamine; serine, threonine; phenylalanine, 
tyrosine. '• •: >;.: r -.-V. ■■■■ 

The DNA sequences of : the invention may ber engineered in 
order to alter rtJie ;protein'S : sequence for -a variety of ends 
35 including but not limited to, alterations j which modify 

processing and expression of the gene product . For example , 
mutations may be introduced using techniques which ars well 
known in the art, e.g, , 3ite-directed mutagenesis ,to^ for 
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example, inseii: new restriction, sites- • For 'example, in 
c rtain expression systems such as yeast, host cells may 
over- glycosylate the gene product. When using such 
expression systems it may be preferable to alter CTGF coding 
5 sequence to eliminate any N-iiiiked glycosylat ion site. 

The CTGF sequence may be ligated to- a heterologous 
sequence to encode a fusion protein.^ For exainple, for 
screening of peptide libraries it may be useful to encode a 
chimeric CTGF protein expressing a heterologous epitope /that 

10 is recognized by a commercially available antibody. A fusion 
protein may also be engineered- to ^ contain ' a cleavage site 
located between the CTGF seqt&ence and the heterologous 
protein sequence' (eig.* a sequence Encoding a growth factor 
related to PDGF)> so that CPGF can^^b^ cleaved away from the 

15 heterologous moiety. 

The coding sequence' of GTGF may ^Iso be isyhthesized in 
whole or in part/ using chemical methods well known in the 
art. See, for example, Caruthers, et al. , 1930, ATacIeic 
Acids Res. Symp. Ser. 2^ 215-233^ Garea and Hofrn, 1980, NucIbxc 

20 Acids R&s. 9(10):2331; Hatteucci and Caruthers, 1980, 

Tetrahedron Xetters 21: 719; arid Chow- and Kempe^ 1981, Nucleic 
Acids i^es; 2(12) : 2807-2 8 17i* Alternatively; the prbteih 
itself could be produced using chemical methods to synthesize 
the CTGF amino * acid sequence: in whole or ih partw For 

25 example ; peptides can be synthesized; by solid phase 
techniques, cleaved -from th^ resin, and^ purified by' 
preparative high performance ligUid chrdmatbglraphy. See 
e.g., Creighton , 19B3 , Proteins 5 tinctures And Molecular 
Principles, W.H. Freeman and Go. , W pp. 50-60. The 

30 composition of the eynthetic peptides may be confirmed by 

amino vacid athalysis dr seiqushcingV' See e.g., for the Edma:n 
degradation procedure, ^see, Crfeightbn, 193 3> Proteins^ 
Structures &d ifoleculaLr Principles ,-^ W and Co. , 

N.y. , ■ pp; •■34-49;, ' . . j .-^ ■ . . ■ . 

35 A more det^ileia descrip^ acid - 

sequences comprising th^ present invention and methods for 
identifying such seG[uence6 niay be found in UVS. Patent, 

- 14 - 



BNSOOCID: <WO 9638168A1 I > 



. wo 96/38168 PCTAJS96/08210 

Serial No. . 5^ 408, 040, which is/ incorporated herein by 
reference -i.^. ' • : .-^ - 

Escpr&msion Of crGFF;/ In order to express a 
biologically active CTGF, :the nucleotide sequence coding for 
5 the protein, or a functional; equivalent as described above, 
supra, was inserted into a?i appropriate expression vector, 
i.e.,. a yectoir which contains -the „ necessary elements for the 
transcription and translation of the inserted coding 
' sequence.: 

10 More specifically, methods . which . are well known to those 

skilled, in, the art can be us^d to construct expression 
vectors containing the CTGF seguenc^e and appropriate 
transcriptipnal/translatlonal Qontrol signals. These methods 
include in vitro recombinant DNA techniques, synthetic 
15 techniques and in vivo recombination/genetic recoobination. 
See e.gr., the techniques described in Maniatis;et al.f 1989, 
Molecular Cloning: A Laboratory: Manual,. Cpld Spring Harbor 
Laboratory, ; N. Y . and Ausubelv et al . , .193 9> Current Protocols 
in Molecular Biology, ; Greene Publishing Associates and Wiley 
20 Interscience^^ N.Y. . 

A yarietyr of host-expression vector systems may be . 
utilized to express the ? CTGF coding, sequence . These include' 
,but are not limited to microorganisms such as bacteria . . 
transformed with recombinant bact^sriophage DNA, plasmidrDNA- 
25 or cosmid DNA- expression vectors containing the CTGF coding 
sequence? yeast, including rPichi^^ Hansenula 
polymorphs, tran&formed with recpmbinant expression vectors 
containing thet CTGF\coding sequence; insect cell systems 
infected with recombinant virus expression vectors (e.g., 
30 bacculovirus) .cpntaining the QTffF qoding sequence; plant cell 
systems infected with recpmbinaAt virus expression zvectors 
(e.g. , paulif IpKer mosaic: virus,: CaM\^; tobacco mosaic virus, 
TMV) or transformed with, reoon^inant plasHiid ejqjression^^ , 
vectors (e.g., Ti plasmid) containing the CTGF coding 
35 sequence; or animal cell systems infected :With recombinant 
virus expression vectors (e^g. , .-adenovirus/ cvaQcinia^^y 
human; tumor cells (including ,HT-1,080) ); including cell lines 
engineered to contain multiple copies of the CTGF DNA either 
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stably amplified (CHO/dhfr) or unstably amplified in doxible- 
minute c^omosomes (e.g. , murine cell lines) • As used 
herein, it is understood that the term '>host-expr ess ion 
vector systems" and more generally, the term "host cells" 
includes any progeny of the host ceil or host-expression 
vector system. ' It is further vinderstood that although all 
progeny may - not be identical to the parental cell, as 
mutations may occur during replication such progeny are 
included in the scope" of the invention. 

The expression elei^ents of these - systems vary in their 
strength and specificities. Depending oh the host /vector 
system utilized, ^ any of a niimbeif of suitable transcription 
and translation elements, including constitutive and 
inducible promoters'^,- may be us^d in the expression vector i 
For elcample, when cloning in b^^cterial systems, inducible i 
promoters such' as pL of bacteriophage X, plac, ptrp, ptac 
(ptrp-lac hybrid promoter) and the like may ba used; when 
cloning in insect cell systems > - pfomotiers such as the 
bacculovirxis polyhedr in promoter^ icaay be vised ; when^ cloning in 
plant cel-1^ systems , promoters derived from the genome of 
plant- cells- (e/g. "heat- shock promoters; the promoter for the 

i 

small subunit of RUBI SCO; the promoter for the chlorophyll 
a/b binding protein)- dr fr6m-pliiht viruses- -(©•g. , the 35S RNA 
promoter of CaKV; th%- cs^^lt prbtein" pj^bmoter bf TMV) may be 
used; when cloning in 'mammalian cell 'systems , 'promoters ^ 
derived from the genbiBe of mammalian' ceLls (e.g. , 
metallothionein ■ promoter) ' or' from mammal^ian viruses (e.g. , 
the adenovirus la:te promoter; the 'vaccinia* virus 7.5K 
promoter) may be used; when generating- ceil 1 lines that 
contain multiple copies of the CTGF DNA SV40«, BPV- and EBV- 
based vectors may be used with' ah "^appiropria^ selectable 
"markerV ^ .^^..t;.- -^■.:.:,r-v , 

' In bacterial systems, " a niiaiber bT expression Vectors may 
be advantageous iy selected: depending upon the use intiended 
for the expressed -CTGF i -For example; a suiitable vector for 
expression in bacteria ' includes the 'T7-bas5ed vector as 
described • in Rosenberg , et = slI - . , "1987 , Gene Bg: 125 ! As 
fxirther example, when large quantities of CTGF are to be 
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produced to screen peptide libraries^ vectors which direct 
the expression of high levels of protein products that are 
readily purified may be desirable. Such vectors, include but 
are not limited to the E^jcoli expression vector pUR278 
5 (Ruther et al.> 1983, EMBO 2:1791), in, which the CTGF 

coding sequences may bj^ ligated into, the yectpr in fram^ with 
the lac z coding regipn so that a hybrids AS-lac Z protei^i is 
produced; pIN vectors (Inouy^ & Inouye, : 1985, Nucleic Acids 
Res, 13:3101-3109; Van.Heeke &: Schuster, X989> J. Biol. Chem. 
10 264 : 5503 -5509 V; and : the like. pGEX vectors may ?ilso be used 
to express foreign polypeptides such as CTGE, with glutathione 
S-transf erase .(GST) . In general, such fusion pppteins; are 
soluble and can: easily fee purified from lysed cells- by 
adsorption to glutathione-agarose beads., followed by elution 
15 in the presence of free , glutathione;. The pGEX vectors are 

designed to include thrombin or factor Xa protease cleavage ^ 
sijbes so. that; the cloned polypeptide; of Tc^^ pan be ; 

released from the G5T^moiety>:^^A^^^^j. , , 

More generally, where ithe, host- ig^ a prpcarote,, competent 
20 cells which are capable pf DNA uptaKe can b^y prepared from 
cells harvested, after; eKpon^nl-ial- growth and sub.^equently 
treated , by the CaCla , v. or : alternatively MgGlj pr RbCl, method 
using procedures yi^ll known; 1^ art.; 

Where- the hpstviPeJl i is; a^(!BUCj^ various methods of " 

25 DNA transfer pai^i: b# use^l . Thes^- i^lude transf ection of DNA 
by calciim phosphate-preqipi"feates, cpnyentipnal mechanical 
procedures, including,,j(jicrpin ject ion/ of a plasmid 
encased in liposomes or use of viriiis vjectors, Eucaryotic 
cells may . also be cotransfppned^ w^ sequences encoding 

3 0 the polypeptide of tJxe invention, and second foreign DNA 
molecule encoding a_ sf leptablerphenptype, such as lierpes 
simplex thymidine kinase gene. Another method is to use a 
eukaryotic viral vector,, such as simian virus 40 .(SV40) or 
bovine papilloma rvirusy to transiently infect or transform 
35 eucaryotic cells and express prptein. ::See/ .3Enji^ 

Vectors, 1992, Cold Spring Harbor Laboratory, Gluzman, . Ed. ) . 
Eucaryptic host cells include yeast, mammalian cells, insect 
cells and plant cells. ^ - , ^ : : 
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'In yeast a himber of vectors containing constitutive or 
inducible promoters' may be used. For a review see. Current 
Protocols in Mblecular Biology/ Vol. 2, 1988, Auaubel et al., 
Ed., Greene Publish. Assoc. & Wiley Interscience, Ch« 13; 
Grant et al. , 1987, Methods in Eiizymology, Wu Grossman, 
Eds . , Acad. Press , N. , 153 ; 516-544 ; Glover, 1986 , DNA 
Cloning , Vol . IT , IRL Press , Wash . , D. C. , Ch. ; 3 ; Bitter, 
1987, Heterologous Gene Expression in Yeast, Methods in 
Enzymology , Berger & kimm^l , Edfi • , Acad • Press , ^ . Y . , - 
152 : 67 3 -^68 4 ; and The Molecular Biology of the Yeast 
Saccharomyces, ' 1982 , istratherri et al., Eds., Cold Spring 
Harbor Press, Vols. I ahd Tti- For example;- various shuttle 
vectors' for the expressioh of* foreign genes i^ yeast have 
been reported. HeinemannV et al.> 1989, Nature 340:205; Rose, 
"et ai., 1987, (Sene^'M: 2^7. " 

In cas4s where plant e3£pr<ess ion -vectors eure used/ the 
exjpressidn '6f -t&e CTGF coding sequence ioay be driven by , any 
of "a *humb(Br of promoters tf ^- For examp^Ie, viral promoters such 
as the 3 5S RNA ' ahd 1§S RNA promoters of CaMV ( Br isson et al . , 
1984, Nature 3 10 : 511-514 V ; 6r the coat protein -promoter of 
TMV (Takamatsu et al., 1987, JBMBO »7. ';6s 307-^311) . may be used; 
Alternatively,-^ plant promoters such as the small 5\:UDvmit of 
RUBISCO (Coriizii et al. V 198^^^^^^ ^MBO J. 1:1671-1680; Broglie 
et all ; 1984 , Sci &hb&^ 224 ; 83 8 - 8 4 31^ i or ^ heat shock proTiioters , 
e.g., soybean hspl7-i5"E or )hspl7.3*-Br (Gurleyi et aJ«, 1986, 
Moi. Cell. B±6l. ^: 559-565) may be uised. These constructs 
fcah be introduced into plant cell's using Ti plasmids , Ri 
plasmids, plant viirus vectors, direct i>NA transformation, 
microihjectidri, i^lectrbporati'oh, etc. For reviews of such 
techniques, see/ e.g. , Weissbiach & Weissbachv 1988, Methods 
f or Tlaiit Mblebuiar Biology; Academic Press, NY, Section 
Vlii, pp. 421-463; Griersbri i Cdtrey, 1988, Plant Moleculsur 
Biblogy, 2d M. pBlackie,- London, Chw 7^9. ^- 

in art insect syst^, an alternative expression system 
could be used' to express CTGF. In one -sueh system , 
Bacculbvirus ib used as a vector to express foreign genes. 
The virus -bheii grows in the insect cells. The CTGF coding 
s qfuence ^may b<e Melon d into -hon-*essehtial regions (for 
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example the poJLyhsdrin gene), of the virus and placed xinder 
control of a^Bacculovirus prompter. These recombinant 
viruses are .then . used to infect insect cells in which the 
inserted gene is expressed. v See, e.g., Smith et alo, 1983, 
5 J. Virol. 46:584; Smithy U.S. Patent No. 4,215,051. 

In mammalian host, cells,,, a number of yiral based 
expression systems may be. utilized. In cases where an . 
adenovirus : is used as an eacpression vector , . the cyCF coding 
sequence may be ligateti to an adenovirus ^ . . 
10 transcription/translation control,. complex,, e.g., the late 

proBOter and tripartite leader sejquence. : This pliimeric gene 
may .then be inserted in the adenovirus grenome in vitro, or 
in vivo recpmbination . Insertion in a non-essential region 
of the viral genome (e.g. / region El or E3) will result , in a 
15 recombinant virus that is viable and capable of^^xpressing 

CTGF in Infected hosts. ^ See eog.^ Logan & Shei?Jc, 1^84, i>roc. 
Natl. Acmd. Sci.. (USA) 8As,3655-3659 . r Alternatively^, the ^ 
vaccinia 7 . 5K ^promoter may be used... ^ See, e.g., Mackett et 
al., 1982, Proc. WatI c Aca<J. Sci. : r£^^A; 7415-74 19;, Mackett 
20 et al., 1984, J. Virol. 19:857-864; Panicali et ai^, 1982, 
Proc. Natl. Acad^/Sci. 7914927-4931. / 

In -another embodiment, :rthe. CTGF sequence is expressed in 
human tumor cells ^. such, as HT-flp80, which have been stably 
transfected with calcium phosphate precipitation and . a 
25 neomycin resistgince gane. In yet another embodiment, the 

pMSXND expression vector or. the like is used for expression 
in a variety, of mammaliai^^ including COS, BHK 293 and 

CHO cells. Lee aod Na^thans, :1?88,^^ J^^^^ M^-^* Chen.. 211: 35?l. 
: Specific itiitiatiqn signals may also be required for 
30 efficient translation of inserted CTGF codling sequences. 

These signals include^ toe^ ATG iiiitiatiqn codon and adjacent 
sequences. . In cases x^ere entire CTGF gene, including 
its own initiation cpdon , and- adjacent f i^. inserted 

into the appropriate e.xpre^ssion vector , np^additipnal 
35 translational rcontriDl signals may be . needed. ^ However , in 
cases where only a por1;ion; of the vCTGf , coding sequence is 
inserted , exogenous translc^tional control signals , including 
the ATG initiation codon, must be provided. Furthermore, the 
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initiation codon iaust be in phiase with- toe reading fxame of^ 
the CTGF coding sequence to ehsxire translation of jthe entire 
insert. These exogenous transiatibnal control signals and 
initiation addons can be of a variety of origins, both 
natural and- synthetlb. Tlie efficiency of expression may be 
enhanced by the inclusion of appropriate transcription 
enhancer elements, transcription teriainators,. etc- See e.g.. 
Bitter et al «, 1987, M&thads In 'Ensyn^ol . 153 ; 516-^544 , 

In addition, a host cell strain 'may be "chosen -which 
modulates the expression of the inserted sequences, or 
modifies and processes the gene product in the specific 
fashion desired. Such modifications (e.g., glycosylation) 
and processing (e.g. > cleavage) of protein ^)roducts may be 
important for" tiie, fxihetion of the protein. Different host 
cells have characteiristic and ' specif ic mechanisms for the 
post-translatidrial processing and- modification of proteins. 
Appropriate- emails lines or host syst«aas can- be chosen to . 
ensure the corre^ct modification and processing of the foreign 
protein expreSssed.^ To this ehd/ eukaryotic host cells which 
possess the cellular machinery for proper proces is ing. of the 
primary transcript, glycosylation ; ^a;nd phosphorylation of the 
gene product may be used. - Such- ^ saalmflaliah host cells include 
but are riot limited to OTC, VERO, EHK, Heta, COS, MDCK, 293, 
WI38, HT-1080 etCi - " ^ ' ^ - 

For long-term, ' high-yield- product ion of recombinant 
proteins, stable iexpre^sioh is preferrcid. 'f^^ cell 
lines which stably exi>res^* CTGF niay b3 engineered^ Rather 
than using expression vectors which contain viral origins of 
replication, host cells can be transformed with CTGF DNA 
bbntrolled by ap»prbpriate expression control elements (e.g. , 
promoter , enhander , ' sequencies , tirariscr ipt ion terminators , 
polyadeny i at ion s ites , ' etc . ) , : and bL ^selectable marker . 
Follbwing the introauctibh of f engineered cells 
may be allowed to grow for 1-2' days 'ih-^an^ enriched media, and 
then are switched to a selective media. The selectable 
mearker in the recombinant plasmid confers r sistance to the 
selection and allows cells to stably integrate the plasmid 
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into their chrojaosomes and grow to form foci which in txirn 
can be cloned and .expand d into c 11 lines. 

A nxuttber of :selection systems may, be used, including but 
not limited to the herpes simplex virus thymidine kinase 
(Wigler, et aJ. , 1977, Cell 11:223) , hypoxanthine-guanine 
phosphoribosyltransf erase (Szybclska & szybalski, 1962, Prpc. 
Natl. Acad. :Sci^ (USA) M.^202e), and adenine = 
phosphor ibosyltransf erase (Lpwy, et al. , 1980, Cell 22:817) 
genes can beuemployed in tk" , hgprt* : or aprt" cells , 
respectively^ ^ - — ■ ■ ■ 

Also ^ antimetabolite resistance can. be used .^s the basis 
of selection for dhfr, which confers resistance to 
methotrexate (Wigler, et al. , 1980^ Proc* Natl. Acad. Sci. 
(USA) 77:3567 ; 0'Hare> et al., ^SBl^^ P;coc. Natl . . Acad* Sq±. 
(USA) 78:1527) ;. opt, which confers resistance to ijiycophenplic 
acid (Mulligan &^ Berg, 1981^ P^pp. Natl . Acad.. Sex . , (USA) ^ ; 
78:2072V; neo, which oonfers resistance to t^ aminoglycoside 
G-418 (COlberre-Garapinroet al . , i981, J. Mol . 3ipl . 150 : 1) ; 
and hygro, which confers resistance to hygrpnfjrcin (Santerre, 
et al., 1984^. Gene 3fi:i47): genes Recently, additional 
selectable genes hiave been described, namely trpB, which 
allows cells to utilize indole in place, of tryptophan; hi^^D, 
which allows cells to utilize histincl in place of histidine 
(Hartman & Mulligan, 1988, Proc. Natl. Acad* (USA) 
85:8047) , and QDC (prnitihine decarboxylase) . which confers 
resistance to the ornithine decarboxylase inJiibitor, 2- 
(dif luoromethyl) rI>L-ornitl3iine> DFMO . (McConlogue , 1987 , In; 
Current Communications in Molecular Biology, Cold Spring „ 
Harbor Lciboratory n)^ 

The isolation and purification of host cell^^xpressed 
polypeptides of the invention may be by any conventional^ 
meeois such as, fpr example, preparative chromatographic, 
separations and immunological separations, such as those , 
involving the use of monoclonal or polyclonal antibody. 
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7 •2. Id ii'kl£lcat;losi Of . Transf ecten'ts or Tr&:&s£orE&ants 
That Express CTGF 

The, host: cells which contain -"the coding sequence 
5 and which express the biologically active gene product may be 
identified by at least foxir general approaches: (a) DNA-DNA 
or DNA*-RNA hybridization; (b) the presence or absence of 
"marker" gene functions; (c) assessing the level of 
transcription as measured by the expression of CTGF mENA 
10 transcripts in the host cell; and (d) detection of the gene 
product as measured by an assay or by its biological 
activity-.. -..^ -.--r.. - , '.,:-v/": 

In the first ^approach, the presence of the CTGF coding 
sequence inserted in. ther expression vector can be detected by 

15 ONA-DNA or DNArRNA hybridization using probes comprising* 

nucleotide: sequences . that are homologous to the CTGF: coding 
sequence, respectively, or portions or derivatives thereof. 

: In the seconds approach , . the recombinant expression 
vector/host system cam be .identified and selected based upon 

20 . the presence or absence of certain ••marker ■ gene functions 

( e . g « , resistance to antibiotics , resistance to methotrexate , . 
transformation phenotypev^ occlusion body ; format ion in - 
bacculovirus , etc* ) 6"^' For. example, in ac preferred embodiment, 
the CTGF coding sequence is inserted' within a neomycin- . 

25 resistance marker gene sequence of the ^vectbry and v 

recombinants containing the CTGF coding se^^ be 
identified by the absence of the marker gene function. 
Alternatively, a marker gehe can ba pieced: in -candem with the 
CTGF sequence under the control, of the seuae or different 

30 promoter used to control the expressions of the CTGF coding 

sequence* Expression of the marker ih^ response to induction 
or selection indicates expression of ' the CTGF coding - 
"sequence"; ^; : " . . ■■ ' ^r■^^.. : - 

In^ the third approach,^ transcriptional activity for the 

35 CTGF coding region can be assessed: by hybridization assays. 
For example, RNA can be isolated:^ and analysed by Northern 
blot using a probe homologous tO" the CTGF coding sequence or 
particular portions thereof . Alternaftively , ' total nucleic 
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acids of the host c 11 may be extracted and assayed for 
hybridization to such probes. 

The fourth approach . involves the detection of the 
biologically active or immunologically reactive CTGF gene 
5 product. A niuaber q£: assays can be used to detect CTGF 

activity including but not limited-to those assays described 
in U.S. Patent No. 5^408,040.. 

7.3*« Tre&taent Indications 

10 The methods, compounds and formulations of the 

present invention are each directed to the treatment of 
disorders, diseases or ailments related to 'the 
underproduction of connective tissue in bone, cartilage, or 
other organs such as skin and muscle alternatively,, to 

15 disorders, diseases or ailments in which the formation of 

bone or cartilage is desired. ^ : j 
These diseases, disorders or' ailsients include the repair 
of cartilage .or bone ^defect after a variety pf traumatic 
injuries or disorders . including arthritis/ osteoporosis and 

20 other skeletal disorders, hypertrophic scar s> bums, and 

vascular hypertrophy.:; Because these; problems, are due to a 
poor growth response of the .fibroblasts, .stem cells:, 
chondrocytes, osteoblasts or fibroblasts at: the site of . 
injury, the addition df a' biologically^ active agent which ^ 

25 could stimulate the; growth of these: cells would be 
beneficial. . ■ . ^ ; : ■ ^ 

Another important use. of CTGF would be in culture 
systems -to expand stem cells, or chondrocytes that were 
removed from an individual prior to reimplantation.; In a 

30 similar process^ CTGF couldr be; added to; either stem cells or 
chondrocytes when they were to; be added , as a graf t to help 
stimulate the expansion and differentiation of these cells at 
the site of implantation. CTGF, » could also be added to a 
graft composed of ; cartilagev or .bone to help; stimulate growth. 

35 Another treatment indication is directc^d to 

administering CTGF to a patient in need to enhance wound 
healing. PDGF and other growth factors, such as: CTGF, are 
involved in normal healing of skin wounds. The CTGF 
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polypeptide of this invention is valuable as a therapeutic in 
cases ih which thferel ' is impaired healing of skin ^ w 
there is a need Mo augment the normal healing mechanisms, 
e.g., bxirns. One important advantage to using CTGF protein 
5 to accelerate wound healing is attributable to the molecule's 
high percentage' of cysteine residues. dGF, or ftinctional 
fragments thereof , is more stable and less susceptible to 
protease degradation than PDGF and other growth factors known 
to be involved in wound healing. 

10 Preferably, the agent of this invention is the 

combination of TGF-jS and CTGF, however, it is likely that 
otiier TGF^;8 family members will also fae useful in 
accelerating Woiihd healing by inducing CTGF. The composition 
of the invention aids in healing the wound, in part, by 

15 promoting the growth of connective tissue . The cbmpositibh 
is prepared by combining, in a pharmaceutical ly acceptable 
carrier substeiiicei , ei ; . inert gels or liquids, the piirified 
CTGF- aiid''TGF-^. "' ''^ ■■■ 

The tireatment indications, with respect to wound 

20 " healing, contemplated by this invention include anticipated 
wounds (i.e. woiiiids r esul t ing from surgical pr dcedxir es ) , as 
well as unanticipated' vbuhds (i.e. wounds caused by trauma). 



7*4. Phaxmaceu&ioal Fora&iilatioas: And Routes Of 



25 

The molecules of the present invention can be 
administered to a patientvin need, by itself, or in 
pharmaceutical coxipositibns where one 6r moire of tTie 

30 molecules are^ mixed with siiitsible carriers or excipient(s) at 
doses to tr^at or amieliorate a vattiety of disorders. 
-r Alternatively , as CTGF is produced by endothelial cells and 
fibroblastic cells, both of which btb present- at the site of 
bone or cartilage formation and wounding, agents which 

3 5 stimulate the production of CTS3F- can be added/* to a 

composition which ^ is used to accelerate bone or cartilage 
induction or wound healing. Preferably y the agent of this 
invention is transforming growth factor beta. The 
composition of the invention aids in healing the wo\ind, in 
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part, by promoting the growth of conn ctive tissue. In 
another embodiment, CTGF may be administered in c mbination 
with proteins or compoiinds which are believed to promote the 
formation of connective tissue. 
5 Whether the composition is comprised of CTGF alone or 

CTGF ^nd additional agents as the active ingredient, such 
composition is prepared by combining, in a pharmaceutically 
acceptable carrier substance, e.g. , inert, gels or liquids, 
the pvirified CTGF and TGF-^. / 

f ^ 1 \ . d . ■ 11 . . . , . . . 

10 A therapeutically effective dose further refers to that 

amoxint of the compound sufficient to result in amelioration 
of symptoms. ^ Technic[ues for formulation and administration 
Of the compounds of the instant application may be fpxmd in 
"Remington ' s Pharmaceutical Sciences , *' , Hack Publishing Co . , 

15 Easton,, PA, latest edition. „. . ^ 

7.4*1. RoutM Of AdainiptratioHo 

Suitable routes of administration may,, .for example, 
include oral, rectal, transmucosal, or intestinal , , 

20 administration; parenteral delivery, including intramuscular, 
subcutaneous, intramedullary injections, as well as 
intrathecal, direct intraventricular, intravenous, 
intraperitoneal, intranasal, or intraocular injections. 

Altemataly, one may administer the compoxmd in a local - 

25 rather than systemic manner, for example, via injection of 

the compoiind directly into an area requiring CTGF, often in a 
depot or sustained release formulation*. 

Furthermore, one may administer;, the drug, in a targeted 
drug delivery systCTi, for example, in a liposome coated with 

30 a specific antibody, targeting,: for exaiaple, cartilage* The 
liposomes will be targeted to and taken up selectively by the 
afflicted tissue-* v ::; :.;v-. / v:!;* 

7 .4. 2. Composition/Formulation* : : 
35 : The pharmaceutical compositions ? Of ^ the present 

invention may foe manufactured in a manner;^ that is itself . 
known, e.g<,, by ^eans. of conventional -mixing, dissolving, 
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granulating/ dragee-making/ levigating/ emulsifying, 
encapsulating, - entrapping or lyophiiizing processes . 

Pharmaceutical compositions for us^ in -accordance with 
the present invention thus may be f€>rmulated in conventional 
5 manner using one or more physiologically^-^acceptable carriers 
comprising excipients ajid auxiliaries which facilitate 
processing of the active molecules into preparations which 
csm be used pharmaceutidally . Proper formulation is 
dependent upon the ^roiite of aduainistrat ion chosen; 

10 For Injection, the -agent is of the invantion may be 

formulated dn aqueous solutions, preferably in * " • 
physiologicaMy compatible buffers such as HanJcs's solution. 
Ringer's solution,- or- physiological saline buffer. For 
transmucosal admihistrationv penetrants appropriate to the 

15 bairrier to be permeated are used in the formulation*- Such 
penetrants 'are generally known dn the art-. • ' 

For o^al admihistxratibn, the compounds can be' formulated 
' readily by combining the active ^compounds with 
pharmaceutically acceptaible carriers well known- in the airt. 

20 Such carriers ehabl<^ the"" compounds of ^ t^^ invention to be 
formulated as tsdDlelis, pills, drag(^es> capsules, liquids, 
gels, syrups, slurries, suspensions and the like, for oral 
ingestion by a^ patient to be^ treated, Pharmaceutiical 
' preparations for oral' use can ^ be obtained solid ^xcipient, 

25 optionally grinding a Tiresultih'g mixtiire, "and 'processirig the 
mixttire of granules, after adding suit ^□;>le cstiixildaries/ if 
desired, to obtain tablets or ^dragee cores* Suitable 
excipients are, in particular, fillers such as sugars, 
including lactose; sucrose, mahhitol, or sorbitbl; cellulose 

30 preparations such "^as, for "example> maize starch, wheat 

starch, ri6e st£a:ch^ potato -steirch^ gelatin, gum tragacanth, 
methyl cellulose , hydrbkypropy Imethy l-cel2^ul6se , sodium 
carboxy]iiiet:hylcellulose/ arid/br pbiyvlnylpyi^rblidone (PVP) • 
If desired/ disintegrating agents may be added, such ols the 

35 cross-linked • polyvinyl pj^rblidohe, agar, or aiginic acid or 
a salt thereof such as sodium alginate* 

Dragee coires' are provided with suitab'le coatings. For 
this putpbi^e, concentrated sugar solutions may be used, which 
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may optionally contain g\m. arable, . talc , polyvinyl 
pyrrolidoney carbopol gel, r polyethylene glycols and/or 
titanium dioxide ^ lacquer solutions, and suitable organic 
solvents or solvent mixtures. -Dyestuffs or pigments may be 
added to the tablets or dragee coatings for identification or 
to characterize different^ combinations of active compound 

'doses*-. :. . r 

Pharmaceqtical preparations which c^n be used orally 
include push-^fit capsules- made of gelatin, as well as .soft, 
sealed capstules mad<^ of gelatin, and- a plasticizer, such as 
glycerol or sorbitol. -The push-^f it: capsules can contain the 
active ingredients in„ admixtvire with: filler, such a,s lactose, 
binders such as starphes, and/or . lubricants such as talc or 
magnesium stearate and, .optionally^ stabilizers. In .soft 
-capsules,, the active compoxinds may be dissolved or suspended 
in suitable liquids, such as fatty oils, liquid paraffin, or 
liquid polyethylene glypols. In additip;n^ stabilizers may be 
added. All formulations fpr oral atoinistration should be in 
dosages suitable f or„^uch administrjation. 

For buccal administration ^jth&. comppJsit ions may take the 
form of tablets, or lozenges formulated ;in conventional 

^mannezr* . ■ r o-:. ■ry^'-'.2 ■..:.t , :i ~- 

Fpr admii^istratipn by inhalation, the compounds for use 
according to ^the presenst invention are ponveniently delivered, , 
in the. form /pf. -an aerpsplr spray pjTjesentation from pressurized 
packs pr a nebuliser;, with,:the use of a suitable, propel lant, 
e.g., dichlprodif li^orpipethane, triqhlorof luoromethane, 
dichlorptetrafluproethane,, carbpn dioxide or other suitable 
gas. ::In;the case o.f acpressurized aerosol the dosage unit 
may, be deteannined by . providing a valve to deliver a metered 
amount. Papsules anql car>tridges rof-, e.g, , gelatin for use in 
an iijhaler oir insufflator may be .foOT^lated cont 
powder mix of thp cpmpound arid ;^ ^ suitable powder base such as 

..lactosa;or starch..: ■ t-. ^--rn-V'- "^x^-'-r^ „ - ■ • 

The molecules: may be, formulated for parent^,ral.^ 
administration by injectipn, -p.g., by bolus injection or 
continuous infusion. Formulatipns. for injection may be 
pres nted in, unit, dosage form^ e.g. , in ampoul^ss or. in multi- 
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dose con'tainisrs > with an added preservative.. The 
compositions may take such forms as: suspensions, solutions or 
emulsions in oily or aqueous; vehicles, and -may contain 
formulatory agents such:]' as suspending , stabilizing and/ or 
5 -dispersing agents. . 

Pharmaceutical formulations for parenteral 
administration include aqueouis solutions of the active 
compounds in water-soluble form. ' Additldhally , suspensions 
of the active compounds may be prepared as appropriate oily 
10 injection suspensions. \' Suitable lipophilic solvents or 

vehicleis include fatty ^oils such as sesame oi-1, - or synthetic 
fatty acid esters, suchT a^ etthyl oleate or triglycerides, or 
liposox&es. ^ Aqueous injection suspen may contain 

stibstances which increase the viscosity of the suspension, 
15 such as Sodium carboxymethyl cellulose, sorbitol, or dextran. 
Optionally," .the suspension may also contain suitable 
^ stabilizersyor agents which > increase the solubility of the 
compounds to allow -for the preparation of highly concentrated 
''solutions'.' ^ ^ ^ -.-j:- . . 
20 ' ^ Alternatively;^ the active ingredient may be in powder 

form for constitution with a suitable vehicle, ^e*g«> sterile 
pyrogen-free x-^^ater, before-*use, - :^ wi ; i 

The compounds may also be formulated in rJectal 
cempositions such as suppositories or retention ene&Aas, e.g., 
25 containing conventional suppository bases such as cocoa 
butter * or -.other glycerides^ " " - ^ 

In addition to the f ormulatioris d^eiscribed previously, 
the compoxmds inay also be formulated * as a 'depot preparation. 
Such long, /acting^ formulati^ administered by 

30 impldntation (for exsunple subctitaneotisly or intraiauscularly) 
or by intramuscular in j ection; Thus; for example, the 
compounds may be formulated with suitable polymer ic or 
- hydrophobic materials (for example as an - emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly 
35 soluble 'derivativeis, for example, as a sparingly soluble 

-i5a;lt. "~ -.^o:... x ' . ■ - ' ■\ . ■ .• 

- A pharmaceutical carriex* for the hydrophobic molecules 
of the invention is a coscrlvfent systeia comprising benzyl 
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alcohol, a nohpolar: siirfactan^^ a water-miscibl organic 
polymer, and an aqueous phase. The cosolven't system may.be 
the VPD co-rsolyent system. ^VPD is a solution of 3% w/v 
benzyl alcohol, 8% w/v of the nonpolar. surf actant polysprbate 
5 80, and 65% w/v polyethylene glycol 300, made up to volxime in 
absolute ethanol. The VPD co-solvent system (VPD:.5W) 
consists of VPD: diluted 1 : 1 ; with .a 5%^ dextrose in water 
solution. This ' co-splvent system dissolves hydrophobic 
cpmpouuids .well> and itself produces low toxicity upon 
10 systemic administration. ;Nat\irally,. .the^ proportions of a co- 
solvent system may, be varied considerably without , destroying 
its solubility and toxicity characteristics . .Furthermore, 
the identity of the ,co-^solvent,. components may be varied: for 
example, other low-toxicity nonpolar surfactants may be used 
15 instead. of polysorbate 80; .. the fraction size of polyethylene 
glycol may be varied; other biocompatible polymers may - 
replace polyethylene glycol, e.g. polyvinyl pyrxolidone; eind 
other sugars or polysaccharides may substitute for .dextrose. - 
Alternatively, other delivery systems for hydrophobic 
20 molecules may be .employed* . Liposomes and ^emulsions are well, 
known examples of . delivery vehicles or carriers for 
hydrophobic drugs. Certain; organic solvents such as 
dimethylsulf oxide -also .may be employed, although usually at 
the cost of greater toxicity. . Additionally > the compounds 
25 may be:.delivered using a, sustainedrrelease system, such as 
semipermeable matrices of solid? hydrophobic^ polymers, 
containing the therapeutip agent. .Various; of -sxistained- 
. release- materials have^been. ^stablishfad and are well known by 
those skilled in the art.' Sustainedr release capsules may, 
30 depending on their chemical nature, : release the, compounds for 
a few weeks lUp to over 100 days. Depending . on the chemical 
nature and the biologipal, stability of the therapeutic 
reagent, additional Sstrategi^s for protein -stabilization may 
be employed. : :• • ..v -i'- -.-r.. . ^.^-.^ 

35 : . The pharmaceutical cpmpositions also may comprise 

suitable solid or gel phase carriers or excipients. Exsoiples 
of such carriers or excipients include but ^.re not limited to 
calcium carbonate, pa Icium phosphate, various sugars , 
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s-tarches, cellulose dezravatives / gelatin, ' and polymers such 
as polyetJiylene glycols-. : • 

7«4;3« Effective Dosage. ' 

Pharmaceutical compos it ionis suitable for use in the 
present 'invention include- cdmpbsit ions wherein the active 
ingredients are containisd in an^ effective amount to achieve 
its intended purpose. More specifically, a therapeutically 
effective aiiotmt means an «imount 'effective to prevent 
development of or' to alleviate ^e existing symptoms of the 
subject being treated.* beterminatioh of the effective 
amounts is well within the capability of tho6e skilled in the 
art, especially in light of the detailed disclosure provided 

herexn. ' ' ■ ■ • 

Fbr any compound vised xn the ^method of tlie invention, 
the theirapeuticklly effective doise can be estimated initially 
from cell dultiure assays; For ekample> a db^e can bi^ 
formulated ±n animal models to achieve a circulating 
concentration range that ihcludes the iCgo as det^ermined in 
cell culture (i.e. , the concehtratibh of the test compound 
which achieves a' haLlf-mabcimal CTGF^^^ / Stich 

information cem be used to more accurately determine useful 
doses ih humdihs." ■ : r 

A therapeutidaiiy effective' dose^^ amount 
ot the mblecul^i hat results iii JEuoaeliorataon bf symptoms or a 
prolongation of survival in a patient, ^fokicity and 
therapeutic efficacy of such mbledilies 'can he determined by 
standard pharmaceutibal prbcedur bell cultures or 

experimental animals, e.g.', for determining tlie LDgo (the dose 
0 lethal to 50% of the population) and the EDjo (the db^e 

therapeutically effective in 50% of the population) . The 
dose ratio between toxic and th^irapeutic effects is the 
therapeutic index ' Md it can be' expressed as the ratio 
between LD50 arid EDgo . Mbleciiles' which exhibit high 
5 therapeutic indices are preferred. The data obtained from 
these cell cultiire assays and aiiimal studies can be used in 
foirmulating a range of dosage for use in hxuaah. The dosage 
of such m lecules lies pref ^ably within a range of ^ 
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circulating, cpncentratipnS: that include the, ED50 wjLth little 
or no toxicity. The dosage may vary within this range 
depending upon the dosage form employed and the route of 
administration utilized. , The exact formulation, route of 
5 administration and dosage can be chosen by the individual 
physician in view of the patient's condition. . See,.e.g.,^ 
Fingl et aJ • , 1975, in "T^ of 

■ ■ -J 

Therapeutics", Ch. 1 p.l. v , 

Dosage amount and interya^l may b^^ adjusted individually 
10 to. provide plasma levels; of the active moiety which are 
sufficient to. maintain the induction effects, of CTGF, or 
minimal effective concentration (MEC)..., The MEC will vary for 
V each compound but can tje estimated from in vitro d^ta; for 
example, the concentration necessary to achieve 50-90% 
15 activity of CTGF to induce bone .growth using the assays 

described herein., Dosages necess€iry to achieve the MEC will 
depend on individual characteristics, and rput^^ 
administration. .HowevOT., m^LC fssays,or bioassays. can be 
used to determine, plasma. conc(^tration^. , . . ^ , 

20 vDosage intearvals, can also be determined using MEC value. 

Compounds should bet- administered using . a regimen which 
maintains; plasma . levels above the MEC for 10-90% of the time, 
preferably between 30-90% and most preferably between 50-90%. 
In cases of local administration, or selective uptake, 
25 the eff ective ,lo|cal concentration the drug may not be 
related to plasma concentration. 

The cunount of comppsition administered will, of cpurse, 
be dependent on .the subj,ept beingr treated, on the subject's 
weight, :th,e severity ^f the afflictipn,, the manner of 
30 administration and the judgment, pf the prescribing physician. 



. ■ 7.-4.4e Packaging 

. The compositions may, ,if desired, be presented in a 
pack or dispenser device which may contain one. or more unit 
3 5 dosage forms containing the active ingredient. The pack may, 
for example,: comprise metal or plastic foil, such ias a 
- blister pack. The pack or dispenser device may be 

accompanied . by instructions f or administration . compositions 
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5 



comprising a compound ot "the inven^tion £ormulat.ecl in. a 
compatible pharmaceutical carrier: may also be prepared, 
placed in an appropriate container./ and labelled for 
treatment of an indicated condition. Suitable conditions 
indicated on the leJael may include treatment of disorders or 
diseases in which cartilage or bone induction and wound 
healing, or the like is desired. 



7,5 Xde&tlf ioation Of. compoimds Wliich Induce Tbe 



10 




The identification of the promoter element of the 



CTGF gene and specif ically, the' TGF-iS responsive/regulatory 
element (T/SRE) . ( 5 ' -GTGTCAACCCTC-3 ' nucleotides -157 "and - 
15 • 145) , provides a source for a screening method for 

identifying - compounds or compositions which affect ;the 



20 may be identified,: comprises; . (1) incubating components: such 
as, but not limited to^ oligonucleotides, comprising the 
^ composition and a j'TGF-:^ responsive element, of the .GTGF , 
promoter, wherein, said incubation is .carried outr^under 
conditions sufficient to allow the components to interact; 

25 and (2) measuring the effect of the composition on CTGF 
expression. Preferably, the promoter region: used in the 
screenings assays describedJherein includes: nucleotides -823 
to +74, although smaller regions thais' include \ TGF-/9 ' 
responsive element may- aliso be useful in the <jiisclosed method 

30 (e-fir. -162 to -128 , or -154 to -145) V ^In *c»ther assays, 

nucleotides in this region including- TffRE are coupled to a 
receptor igene such as lucif erase, and are- transf ected into, 
mammalian cells to derive a cell line, bearing a construct 
and showing activity ; when incubated with TGF-r/^.. These drugs, 

3 5 oligonucleotides/ and :chemicais in, libraries, that modify, the 
activation can be readily detected in cellv assays. : 



expression of CTGF. Specifically, t^e method by which 
compositions which enhance the activity of CTGF , and : thereby 
may be used' tor^enhance bone , ; tissue and cartilage induction 
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8. -BXAMPLBS. 

The connective tissue growth factor gene is not^ 
only expressed in fibroblasts but; is selectively induced by 
TGF-)S only in iDesenchymaily derived connective tissue cells 
(i»e. , fibroblasts smooth, muscle , chondrocytes , osteoblasts, 
astroglial cells, etc.).. The expression of the gene 
connective tissue cells that form the skeletal elements in 
vertebrates indicate that CTGF plays a role in the formation 
of cartilage/ bone tendon and muscle in the vertebrate 
animal. The results; d'f' the following examples demonstrate 
that CTGF can regulate the; induction, differentiation and 
growth of cells which form both .cartilaige and bone in 
vertebrate animals, including humans. Specifically, the 
results provide that: (1) CTGF transcripts are present in the 
growth plate "of long, bones in :adult rats .and newborn , mice ; 
(2) The CTGF; gene is expressed >t sites of cartilage v. 
induction and 'growth in embryonic micef (3) CTGF receptors 
g^e present on rat chondrocytes ;r (4 ) .The CTGF gen@ is 
expressed at site of bone regeneration, after ^injury in adult 
rabbits; (5) The CTGF protein can induce pluripotent., mouse 
embryonic stem cell lines to differentiate in. to " chondrocytes 
and osteoblasts ; 6) Human osteoblasts produce CTGF in 

CUltl^e:. r^-:,. ■.: w .... r"^^ . A.' .r. . ; 

s.l Biologioal Hasmjs 

Methods: MItogenict And AnehorngG Indopendont 
Growth ABsaysi . Mitogenic ass^iys: were performed in monolayer 
cultures using 48 well plates and NRK: fibroblasts as target 
cells as described: previously in Grotendorst, et :al. 1991, J. 
cell Physiol 149 : 235-243-; Anchorage independent growth 
assays were performed essentiaHy, as described in Gviadagno 
and Assoian, 1991, *7.. Cell B±ol. 115:1572-1575., 

Methodis: ■ Sxtncellula.r Matrix Protein mRNh > 
Induction. Assays; ' NRK rat f ibroblasts were: grown tOr 
confluence in Dulbecco/ s- modified- eagle media with 5% gfetal 
bovine serum and then serum starved in DMEM with 1% bovine 
serum albumin for 24 hours. Growth factors were added to the 
cell cultures and total cellular RNA was extracted after 24 

33 - 



963816eA1_L> 



\VO 96/381^8 



PCTAJS96/08210 



hours' and northern blot analysis was performed as described 
in Igarashi, et ai . ; 1993 / Mol . Bidi. Cell 4':637-645.* : 
To ensure that equivalent amc>\ints of total RNA were' 
added to each lane on a gel, RNA was quarititated by A26o/28o 
ratios and equivalent traiisf ier was assured by ' comparing ' 
ribosomal 28S and IBS RNA bands in each lan^ after staining 
with ethidium bromide. As additional control, blots were 
reprobed with ah actin cDNA* probe. Double stranded cDNA 
ftagments used for probes were 'labeied with ^^P--dCTP using a 
random prime labeling kit (Bdehrihger Mannheim^ Indianapolis, 
IN). The CTGF {>rbbe was derived from a 1. 1 kb human cDNA 
fragment whi^h iehcbmpassed the open reaiding frame of ' the CTGF 
transcript. The TGF-jSl probe was a 1.0 kb Nar I fragment 
derived f rbni a 2.0 kb hximari Ti3F-/Si cDKA (G.I. Bell, HiH. 
Medical Institute, University of Chicago). The al-type T 
humcui collagen probb was derived from a 1.5 kb ORF fragment 
at the 3 ' end ' (ATCC n6 . 61323) . The a5 xntegrin probe was 
produced from a cDNA insert containing a portion ^ of the human 
cDNA cbhtainirtg the open reading frame;' as Obtained by R. 
Associan at the University of Miami. The himdn f ifaronectin 
probe was a 0.9 kb EcoRl/Hiridlll fragment derived from a 2.2 
Icb cDNA clone containing the 3' region of the open reading 
frame provided by F. wbessrieir (also of University of Micuai) . 
The human act in probe, used' a^ the control RKA probe, was 
purchased from OhcoTrr Co- (Gaith^risberg," 



8.2 tioeus Of CTGF Transcripts ^'xii Newborn Hiisa 

Experiments wer^e conducted to determine whether 
CTGF transcripts are present in the^ ^owth plate of ^ long 
bones of newborn mice according to Fava, et al., 1990, Blood 
76:1946-1955. -r^ ' - -.;vir v ^ v, • .. . ; 

Jfethod;. Xn si tu Hybrldizettion . The tissue samples 
were immediately placed in 4.0% paraformaldehyde for 1.5 
hours, and then flash frozen and embedded. Sections were cut 
at 5 Mm -^nd -placed on JESPA co^ited slides (Oncor, 
Gathersburg, MD)^. In-situ hybr jtdization for CTGF mRNA was 
performed using standard petbods . Bri fly , slides with 
specimens were hydrated through graded alcohols, treated with 
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20 fMq/ml proteinase K in 50. mM Tris-HCl ph 7.4,. 5 mM EDTA, 
refixed in 4*0% paraformaldehyde and dipped in 0.1 M 
triethanolamine and A ml acetic anhydride, prior to 
dehydration in sequentially graded alcohols. Both sense and 
5 antisense. CTGF RNA probes were constructed using a riboprobe 
kit (Promega, Madison,, WI) with T7 and Sp6 promoters, 
respectively. The. specif ic activity of , the probes was 1 x 
108 cpm/Mg Slides were hybridized overnight in 50% ^ ^ 

deionized formamide, 10%. dextran sulfate, 50 inM DTT, 0.3M, 

10 NaCl, 0.01 M Tris pH 7.5, 5 mM EDTA, 10 Na2HP04 , Go 02 % 
Ficoll, 0.02 % PVP, .0,02 ?: BSA, ^0.2 mg/ml yeast tRNA and 
. the riboprobe ( 5 x 104. cpm//il) under a covers lip at 54* C. 
Slides were washed in 250 ml 5X SSC, 10 mM beta , . 

mercaptoethanol a^t 50* C for 30 minutes, 2x SSC, lOOmM beta 

15 mercaptoethanol, 50% formamide at 65* C for 2,0 minutes, and 3 
times in TEN buffer (1 M Tris,, p. 5 M EOTA, 5M NaCl) for 10 
minutes* The second TEN wash included 10 pig RNase A. The 
final two washes were; in 2X SSC at,65*>,,C. for . 15 minutes 
each.. After dehydrating again through graded alcohols with 

20 0. 3 M ammoni\im acetate, . the slides were dipped in . 

photographic emulsion <Ilford K-5, .Polyscience) and incubated 
for 8. days at 4*. C. Slides were then developed and sections 
counter stained in Mayer's hematoxylin and eosin. 

R&sultm. . . The results., of these studies indicate 

25 that the CTGF .gene„ is expressed in the proliferation zone of 
the growth plate. This zone contains the chrondrocytes that 
are actively replicating to inci::ease the length of the bone. 
The expression, of CTGF at , this site i^ consistent with it 
functioning as a. growth factpr for the chondrocytes. 



30 



8.3 CTGF Gene Expression At Site Of Curtilage induction 
And Growth In Embryonic Mice . 



In order to confirm CTGFs^ role in cartilage 
35 induction and growth i the iexipressidn of the CTGF gene in 

mouse embryo's at sites where cartilage and bone will form 
but have not f oinaed yet Wiks stuciied; For purposes of this 
study, a transgenic mouse lihet which contains a transgene 
composed of the hiiman CTGF promoter elements which are^ ■ 
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regulating the expr-ession of the bacterial ^S^-galactosidase 
gene. Cells that express this gene can be "readily identified 
by staining using X-^gal^which forms a blue colored 
precipitate at- the sites of enzymatic activity. Using. this 
5 methodology we stained * einbryo ' s "^from transgenic mice to 

localize the expression of the CTGF gehe. As set forth at 
FIGURE 4, Panel ' A,' no cartilage or bone was' formed, 
indicating the CTGF is^expressed prior -to the formation of 
the skeleton ahd'.could function as the inducer? of cartilage 
10 and bone. These results further demonstrate that the 

expression of the transgene corresponds with the expression 
detected by in situ hybridization using the CTGF probe: 

These studies also demonstrate t that the gene is 
expressed at ^growth plates ' in the long bone , in 
15 precartilagihous zones and in Meckel's cartilage, the first 
cartilage to form during mauimalian> development. These areas 
are referred to as^ prechondrogenic mesenchyme and. are - 
distinguished by cdhdensations of the cells'. The CTGF gene 
'is expressed in these sites, but not in adjacent tissiie. 
20 V Fxarthermore , the CTGF gene is > expressed at these sites 1 day 
prior to the condensation which occurs 1 day prior to the 
actual formation of the^ cartilage; ^ These findings : 
demonstrate that CTGF is present prior to the formation of 
cartilage or cells with a true chondrocytic phenotype, and is 
25 consistent with CTGF, acting , to .^induce the, cartilage phenotype 

in undifferentiated stem cells. . 

Importantly, these studies demonstrate that CTGF is 
expressed at sites in the embryo that form bone, by either the 
intreunembranous, or endochondral pathways, demonstrating that 
3 0 it can function as a signal for cartilage development from 
either non-differentiated mesenchymal stem cells which form 
the bones of the limbs, or neural crest cells which foarm the 
cartilage in Meckel's cartilage and. the bones of the skull. 

3 5 8.4^:: Lpjxl Of pTGF Ra^^^^ Rat Chonarocytes 

In order f or . eel Is. , to respond to pept jLde f actors 
such as CTGF, they must express on their . surf ace. the. co^ate 
receptor for the specific peptide factor. 
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Equilibrium Assay. ■ Ecjuilibrium binding assays vere 
performed on confluent monolayers of rNRK-49F rat fibroblasts 
and primary rat articular chondroblasts- to determine the 
number and affinity of CTQF; reqeptors on these cells. 
5 Binding was performed In the cold for 4 hours with varying 
concentrations of ipdinated recombinant human CTGF (rhCTGF) • 
Non-specific binding iwas deteqnftined by- including a 200-fold 
molar excess of unlabeled lig^nd.: Rep^resentative Scatchard 
plots are set forth at FIGURE 8A (with, respect to. eguilibrium 
10 binding assays perfomed usingrNRK cells) and FIGURE SB- (with 
respect to equilibrium, binding assays peirformed using rat 
chondroblasts) . 

Competition Aaamy* Several cell types twere tested 
for the expression-pf GTGF receptors including r normal rat 
15 kidney fibroblasts,: mouse, fibroblasts,,: mink lui\g epithelial 
cells and rat articulars chondrocytes*; , CTGF- was labeled by 
iodination with ^i^^I and the radiolabled; CTGF used in 
competition binding^ assays to . measure .CTGF receptprs on the 
various cell types. As set forth in Table 1, below, only the 
20 NRK fibroblasts and rat articular chondrocytes expressed high 
affinity receptors for iCTGF. Mouse fibroblasts had few if 
any high affinity receptors ■ and no binding was .detected in 
the mink itmg -et>ithelial :cells^, , . 



25 
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. Table 1 _ 
Binding CHARACTEkisTic for' rhcTGF'' on Various Cells 



-1 



Cell Type 



NRK 

" , ■ t *■ 

Chondrocytes 
Nm3T3 ; 
MIEC 



High Affinitv 

KDTpVn Sites/cell 



Low Affinity 

KD (tHA) Sites/cell 



13^25 
21 
5-10 
hone 



1200-3500 
3500-4800 
480. 



detected 



1.1-2:2 ' 
1.8 

noiie detected 



126,000-195,000 

150,000 

102,000 



Tliese data' indicate that ' chdhdrocytes express both CTGF 
arid its receptor and' wolild are there£6re* Capable of 
responding to CTGF as a growth stimulatory factor. 
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8. 5 CTGF kc1:ivl1:7 In Inducing Pluripbtent Mouse 

ESE^ryonic S^tam Cell i;flines T Differential Xnto^ 
Chondrocyt s And Osteoblas'ts • 

.. ■ ^ . ., . . . ,t .,1 , , ,.«,..., , ' , . • . , . 

The ability of CTGF -to induce the chondrocytic and 
osteocytic phenotype in undifferentiated stem cells in cell 
cultxire was evaluated. ^ .Specifically, the . cell line C3Hi9Tl/2 
was used to evaluate this biological activity. These cells 
are a standard and well established lane for these types of 
investigations. The C3H10T1/2 can be laaintained in an 
'undifferentiated state in culture/ a:rid then induced to 
differentiate into skeletal muscle cells , chondrocytes , 
ostiedblkists arid adipocytes . Cells ' treated' with ^ CTGF "formed 
coiohiiBis of chohddcytes emd' cairtilagihous nodules. Cells ^ 
treated overnight with S-azacytodiniB overnight followed by 
treatment with CTGF 'differentiated into osteoblasts arid 
osteoid bbdieisi. Th^ dif f erentidtibri of these cultures into 
muscle emd adipocytes was blocked by the ^rasence of CTSF. 

Mofe specifically, the cells were treated oi-emight with 
5 azacytodine followed by a ib-14^ day incubation to allow for 
the differentiation to occui^. This effects of 5 azacytodine 
and CTGF alone and in cbmbinatibn' orF these cell Were then 
compared. Cbhtrbl culttireis which w^ 

either agent remained as' xiridiffi^^^ in monolayer. 

As set f orth as' F^IGIJRE 4 c^ treatidd with Sazacytodine 

alone differentiated into primarily skeletal itfascle cells 
(myotubes) and adipocytes; No chondrocytes could be found in 
the cultxires . ■ CTGF tie^tment of the cultures (50 ng/ial) for 
iO days riesulted in the induction of caLrtilagihdus nodules. 
These nodules were nbt found under -any other conditions.' 
Treatment of the cultures with FGF, PDGF, EGF or TGF-)8 did 
not induce' these nodules irtdicati^ tiiat CTGF is uniquely 
capable of indue irig cartilaige in the 'undifferentiated' 
mesenchymal stem celis. 

Treatiment of the cells with both 5 azacytodine 
(overnight) followed by a 10 day eixpbsure to CTGF (50 ng/ml) 
had a significant effect on the cultures. First, no iskeletal 
myotubes where present d moristr a ting t^ prevented the 

cells firom dif fiBr"eritia:ting into skeletal muscle cells. 
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Second/ while , some cartilaginous nodules: w/ere present most of 
th nbdul^s appfeat 'd to be osteoid |bone) V^ CTGF can 

induce th formation of both chondrocyt s and osteoblasts 
from undifferentiated mesenchymal cells. These results 
deibonstrate that thiis factor cbuld be used to stimulate the 
differentiation of cartilage and bone where desired. 

8.6 CTGF Gene JSxpression At Site Of Bone Regeneration 
After injury In iidult babbits. 

An experimental _model - was developed to exaiaine, the 
expression of various regulatory and matrix protein genes 
during wound repair. In. this model,, mesh nylpn cylinders are 
implanted in the ilium of thif pelvis of malejiew Zealand 
white rabbits (10 kg) whic^- had been anesthetized by, ether. 
A 1.1 cm diameter hole was bored in tjie , ilium, of the pelvis 
using a bone trephine and the ghambe?: |>ress fit. into the 
hole. The ch^iaber was anchored in place using flaps of the 
adjacent musculature Md ligaments. Two chambers were 
implanted in each of twenty, animals • . , ; 

Animals were sacrificed on Days 9, 14, 21, 24, ,28, 31, 
35, 42 and 56 after implantation of the chambers. The 
chambers ware removed and the tissue on the outside of the 
chambers were care„fully ai^d pojapletely removed. The chambers 
were then cut open vand tissue contained within the chambers 

was collected.' . 

Total PJIA was extracted from .the t^^ from 6- 

18 chauabers (pooled from 1-3 animals) by Guanidine- 
isothiocynate .extreustion ( Chprncaynski and Sacchi , 1987 , Anal . 
BiociiejED . ifi2 : 1563.159 ) ^,an<J PsCl , centirif ugatipn (Chirgwin, et 
ai> , 19 7 9, .Biochemistry 1£: 5294-529?) • The ampxint of RNA 
recovered ranged from 100-r300/ig diwring the ,di« days of 

collection. Total, BNA was el^ctropixpresed on an 
agarose/ formaldehyde gel and transf erreid to nitrocellulose. 
Equivalent amounts of RNA were, transferred as judged from 
staining of the ribosomal .KNA present, in each sample on the 
nitrocellulose filter. The CTGF pfobe was a 900 base pair 
fragment which represented the open reading frame of the CTGF 
cDNA. Hybridizations were performed using„ ixlO^ cpm/ml of 
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-these probes' labeled with [P^^jclCTP by using a Random ^Primer 
DNA Labeling Kit (Boehrihger Mannheim Biochemicals, 
Indianapolis, IN) . ' Autoradiography was piiar f ormed at -7G<>C 
for 24-72 hours by -using x-ray fx lias and intensifying 
5 screens. • - ' * ^ " • - 

The tissue proceeded through a* regular bascade of repair 
where blood coagulatioh' is l^ollbwed by inf lammation and then 
connective tissue in groVth. in the bone * ii&plahted' cheuabers 
the dense cohhective tissue which^ formed was similar if nbt 

10 indistinguishable froni that which forms in soft tissue 
implants. ' " ' " 

As set^fortli in FIGURE 5, CTGF gene expression is 
evident from Days 14-42. This is 4 days prior to the first 
histological* appearance of -bbhe wil^in the Chamber's and 

15 coincides' with the time course for th of bone' 

within the che^abers. However/ as 'also set forth at FIGURE 5, 
around day 17-18 post -^implantation there were some changes in 
the morphology of areas of tlie connective tissue* 'These 
areas then began to form bdne by day 20-21 post- implantation, 

20 demonstrating that this is ai fvmctiional model for 'the study 
of bone regeneration. - ^ - ^ ^ r 

The expression of CTGF- mRNA" in the chambers preceded 
slightly and then coincided' witti th ahd gitrowth of 

the osteogenic areas 'within' the chamber;' d^bnstr at ing that 

25 CTGF is expressed 'at '^ites'^^of bone ri^generation ih mammals. 

8*7 Hum&a Osteoblast Form&tioh By Administration Of 
CTGF 

Cell culture. Hu:^an ostopblasts were, grp%rn from 
30 esqplahts of human bone.- Cells were cultured in Dulbeccp's 
modified Eagle's medium (DHEH) containing 10 % fetal calf 
serum (FCS) at 37*C in an atmosphere of 10 % C02 and 90 % 
air. / " '. j'Cs.' / 

: Westexxi blot^ aaalysi.J5 . C^ content in conditioned 
35 media was analyzed by SDS-?PAGE on> 12 aery lamide , .gcils 
followed by transfer to nitrocellulose, filters using , 
elect rob lotting; The : blots were incubated for 1 hour in 
Tris-buffered saline (lOOmM NaCly SOmM Tris-HCl pH7.:4) with 2 
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nonfat powdered milk ,(TBS-milk) , prior, to overnight 
exposure to 2 g/Ml chicken anjii-human CTGF IgrY diluted in 
TBS-milk. Filters were washed f ive tim s in TBS-milk, 5^ . 
minutes each, and incubated with alkaliner-phosphatase- 
conjugated affinity purified rabbit anti-chicken IgY (1:1,000 
dilution, :Organon Teknika-Cappel, West Chester, Pa.) in TBS- 
milk , for 90 minutes. The filters were washed three times 
with TBS-milk followed by two washes .in TBS, and the antigens 
were detected using a. commercial^, alkaliixe phosphatase. , 
substrate kit (Sigma,, St. Louis, HO). 

Reaults. Human osteoblasts were obtained from 
donors after surgical , removal of bone during procedures to 
remove bone tumors or joint replacement. Osteoblasts were 
cultured from the bone and identified using .standard. Cells 
were grown to confluence in complete media. cpntaini^g 10. % 
fetal calf seinim ax^d made quiescent u.by phangin<g the media, to 
serum free media overnight. Some, cultures^ were treated with 
TGF-j3 atld compared to non-treated cultures. The osteoblast 
that weLTe tree^ted with TGF-jS were stimulated to producie CTGF, 
as . detected with a specific antirCTGF, antibody^ . As set forth 
at FIGURE 5, the media was collected and analyzed for CTGF 
production and i^ecret ion : by the CTGF 

with a CI^GF specific antibody and dete.otion and quantitation 
by western blots using the $9me antibody. As observed with 
fibroblasts,, smooth, muscle eel Is,., and chondrocytes, TGF-/3 
induces CTGF production by the human osteoblasts. Control 
non-treated cells . did not synttiesi^ deteptable amoui^ts of 
CTGF. 

As evidenced by this expelriment^ osteoblasts respond to 
TGF-p similarly to other -coiinective tissue cells with regard 
to CTGF production. - ' ' 

8 .8 Transgenic Rabbit Models 

All mice studies were ^ondudted in : accordance with 
the principles and prociedures outlined in:»*Guidelines for 
Care and Use of Experimient^l Animals" i Generation of 
transgenic models wias carried oUt at :the University of Miami 
Transgenic Mouse Cor'e facility using standard techniques. 
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Briefly, "tlie gene 1:o be injected (transgene) was linearized 
by res^rictlbrt digestion and the DNA fragment isolated by low 
melt agarose gel- elecrtrophoresis and pturif ied using 
GENECIiEAN, 

Transgenic mice were genierated by injecting linearized 
DNA into one of the pronuclei' of ^100-300 recently fertilized 
mouse ova. Hogan> et al. . / ld8'6V Manipulating the Mouse ' 
Embryo/ Cold Spring Harbor Laboratory Pr^ss, Cold Spring 
Harbor, NY. Those eggs that 'survive injection were 
transferred to 'the oviducts of jpseudbpregnant mice (siated to 
valsectomized males) • 'One to three weeks afteif birth a tail 
biopsy will be tedcen from the pups and genomic DNA analyzed 
by southern blot to determine the presence, of the-: transgene. 
Mice that were positive for >the> presence 6f the transgene 
were mated to control mice to establish transgenic mouse ^ 
lines. As a ' result . of these esperimehts , two independent 
lines of transgenic mice that '€ixpress the ^-^galactosidase 
xmder CTGF promoter control were produced. Both of these 
lines exhibit similar patterns of expression. 

^ ^ ^ ' ^ . , . -K. . , , . 

'S.d*' Cbo^drogenle^ Assay 

CTGF, as weir as^ TGF-^f were test<ed in-^ a 
chondrbgenic assay as desciribed-ih Seydin, et ai., 1983, J*. 
Cell Biology 97 ; 1950-53 . i Brifeflvv Primar^y cultures of 
embryonic muscle were '--obtained from cellular outgrowth of 
minced muscle tissue' dissected froih limbs of 19-20 day old 
Sprague-Dawley fetuses. For thi^ chondrog^nic assa^, thei 
cells were trypsinized ahd embedded in agarose, and overlayed 
with mesdia containing ho £a^^ (FIGURE 7 A) , TGF-/S alone 

(FIGURE 7B) , TGF-/3 audi cholera toxin (FIGURE 7C) or TGF-/S, 
Cholera toxin and CTGF (Figure 7D) • For each assay, media 
were changed every 2-3 days and after 21 days of culture 
stained with Toluidine blue as described in Horwitz and 
Dorfman, 1970, *7. Cell Biol. 45:434-438. 

As set forth in FIGURES 7A-7D, marked chondrocyte growth 
was observed where CTGF was added to media, indicating that 
CTGF stimulates chondrocyt growth, and the production of 
connective tissue matrix. 
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The present : invention is; not to be limited in scope by 
the exemplif i 4 embodiments which are intended as 
illustrations , of singl aspects of cthe invention, and methods 
which are functionally equivalent are within the scope of the 
invention* ,Indeedi: various modifications of the. invention in 
addition to those described herein will ^become apparent to 
those skilled ;in the art f rom ithe foregoing description and 
accompanying drawings. Suchmodificatlons are intended to 
fall within the scope of the appended claims. 

All -references cited within the„ body of the instant 
specif ication are hereby incorporated by reference in their . 

entirety. %r , --r.^j - . - .■ - 

BiQloaical Deposits • 

: ^ The sequence of the CTGF of the invention was 
deposited with Genebank,; Los Alamos National Laboratory, Los 
Alamos, Kev/ Mexico, a7545,, USA, on July 26, ,1990,. and given 
an accession no. 113696,5.. The depoj^it.. of this ^^^CT sequence 
is for exemplary purposes only, and should not be taken as an 
admission by the Applicant that such deposit is necessary for 
enablement of the claimed subject matter. 

In respect of all designated States , in which such 
action is possible, and to the: extent /Uiat it- is legally 
permissible.; vmder the : law of < the: designated Stat^, it is 
requested that a sample of the deposited micro-prganism be 
made available only, )!?y the iissue thereof, t an = independent 
expert, in- accordance with the releyauit patent legislation, 
e.g., EPC^rule^ 28.{ 4) f, i United Kingdom Patent Rules 1?82 riile 
17 (3) > Australiem R^gulati^^ and generally, similar 

provisions jnutatisvinutandis fpr any other designated State. 
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International AppHcation N : PCT/ 



MICROORGANISMS 

optional Sheet in connection with the rracroorganism referred to on page 43, Knes 1*25 of the descriptton * 



A. IDENTIHCAT10N OF DEPOSIT ■ 

Further deposits are identified on an edditional sheet * 



Name of deposnaiy insomtion * 



Address of depositary institution (inctuding postal code and country) ' 



Los Aliimos National Laboratory 
Los Alamos, NM 87546 
US 



Data: of deoosit *■ Juiv 26, 1 990 Accesstoh Number^ ^M36965 ' : r 








B. ADDITIONAL INDICATIONS ' <lrm blmk tf not in)i«:Kbl*). Thb fifarmtiM n thmiimd 










C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * 









D. SEPARATE FURNISHING OF INDICATIONS ' Om Muk tf m mptiGibie) 



The indieaiienft fistad tettftwu vj^tM •ubmtnatf'to tho ImarrMKionsl 8ur«cu<l9ttr .* (Spoetty Ch* ommtci' raKUri of tfv« indvcvtions •.g., 
'Accession Number of Deposit") 



E. (9 Tliis sheet was lecetved witb tbe imeniational;^applica4oB when. filed (co be checked by the receiving Office) 



V ■ 




D The dace of receipt (from the applicant) by the International Bureau " 



was 



(Authorized Officer) 



Perm PCT/R0/i34 i January 1981) 
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WHAT IS CLAIMED: 

1. A pharmaceutical compositipri 'comprising CTGF. 

2. A method for .inducing bone foanaation comprising the 
administration to a patient in need a composition comprising 
CTGF and a pharmaceutical acceptable carrier. 

3. The method of claim 2 wherein said cbmjposition 
further comprises a second growth factor. 

4 . The method of claim 3 wherein the second growth 
factor is TGF-/3. 

r 

5. The method of claim 2 wherein said composition is 
further comprised of at least one collagen. ^ , 

6. The method of claim 2 wherein the patient is 
suffering from an affliction which affects bone formation. 

7. The method of claim 6 wherein the affliction is 
selected from the group consisting of osteoporosis, 
osteoarthritis and osteochondrytis . 

8. A method for inducing tissue formation comprising 
the administration to a patient in need a composition 
comprising CTGF and a pharmaceutical acceptable carrier. 

9. The method of claiia 8 wherein said composition 
fxirther comprises a second growth factor. 

. . .. '- ^. .>>.4/ 

'■■ I. ■ I 

, " % ■ 

10. The method of claim 8 wherein the second growth 
factor is TGF-^. ^ ^ - » r ^ v. 

11. The method of claim 8 wherein said composition is 
further comprised of at least one collagen. 
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t 

12. A method f r inducing cenrtilage formation 
comprising th administration to a patient in need a 
composition comprising CTGF and a pharmaceutical acceptable 



13. The method of claim 12 wherein said composition 
further comprises a second growth factor.- 



10 



14.; The method of claim- 13 wherein the second growth 
factor is TGF-/3. 



15. The method o£ Claim. 12 wherein said compiosition is 
further comprised of at least ^ one collagen, j 



15 



16. • A methbd for rinducinig wound healing comprising the 
administration to a patient in need a composition comprising 
CTGF andl a pharmace^utical acceptable cai^ 



20 



17. The method of claixai 16 wherein;;said composition 
fxirther comprises ai second growth factor ; 



18.; The methSd of claim 16 wherein the second growth 
factor is TGF-j8. . 



25 



19. The . method of claim 16 wherein, said domposition is 

1 ■ * . - - ' ^ - / * , 

further comprised of at least one collagen. 
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Ktieleo'tide secniepce of the CTGT gene 



-^823 TCTAGAGCTCGCGCGAGCTCTjyLTACGACTCa;CTATAG^ 
r7 S3'. CTGGAAACa.TTGATGeCCACTCGTCCCrTq^ 

. "-^703 • taagagaaaactaagcaagagttttggaaXtctgccccaggagactgc^ 

; . ; AP-X 

\ -.643. ACGA GTCrnV ^ 1' 1 ^ i "!! GTCCCAgUM^CGTTACCTCA^GT 
-583 CTCAAATATAGAATTCAGGGT^^ 
-523 GCAACTCACTCCTTTTCTACTCT^ 
-463 AATCATTGCTAAGGGTTGGGGGGGAGAAACCTTT^ 

-403 TTGCCSTCTTCAGCTACCTACrTCSCM&MSSATGTArrGTCAGTGGAC^ 

• ' ' ^ ■ . CAT<r '^ipS";./.. r ' , 

-343 AC^ATTCGAAAAAGAAATAAGAAATAATTGCCAG^ 

- •- < • ^- , .•; ... , ' 

' - : -2S3 GAGTGGTGCGAAGAGGAa:AGGAAAAAAAAATTCTATTTGG^ 

. >^163 TGCTGAGTGTGAAGGGGTCAGGATCAATGCGGTGTGAGSTGA^ ^ 

TXS-lika 

^ -103 AGGAATGCGAGGAATGTCCCTGTTrGTGTAGGACTCCATT.C^ 

■' -43 G GCGCCCG GAGC GTATAAAAG CCTCGGG CCGCCCGCGC CAAACTCA 

17 GCCGCTGAGAGGAGACAGCCAGTGCGAerCCACCeTCGAGCT.CGA^ 

77 • CCGACAGCCCGGAGACGAGAGCCCGGCGCGTCCCGGTCGCCACCTCCGACCACCT 

*- ... . . . , • . ' 

- ' 137 - GCrCCAGGCCCCGCGCXQCCCGCTCGCCGCCACCGCGCCGrC.CGCTCCGCCCG^ 
197 AACaiTGACCGCCGCCrnGT^CTSGGCCeCGT^^ 

- 'T' A - A'--* s' .H ,.G ,. P:. vv- , rj: y-. . .A. •■T -y- ,.:V L I* A 

: • 257' CTGCACkrCGGGTAASCG'CCG^ 

■ ' ■■-^ I* -C is ' R :* . o o o V ♦ -e • *o Xn'taron lo . o- . . •o. •••€<...••• 

' ' 3 17- GGGG'CC'GGCCGGGGAGGGCGTGCGCGCCGACCG^^ 

377 GCAGCCG<S^CGteCGG:CCAGAAC^GCAGCGGGCCGTGCCGGrEGCC 

."■ P -A' y ^G' :S-\G^:P:- C-.R, .C ;P -O EPA 

' 437 ^ GCGCTGCGCGGCGGGCGTGAGCCTCG^GCTGGAC^GCTGjCGGCTGCTG^ 

• p- R- C- *P- A" - G V "S- - V. -^L D. :G ;/C G .G G- R V C 
" 4^7 caAGCAGCTTGGdCGAGCTGTGCACCGAGCGCGACCCCTGCGACCCG^ 

' ■ A K' Q} 1^ (i:.:^!:^ • c .t:- E ..r; -d^ p c d p . k g l 

* ■ 557 crrGTGACTTCGGCTCCCCGGt:t^ 

- " F C' -D " F ' G' -P- A N "R K'. I G --V. /c . Tr ^ • . Intxan 2.- 
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6X7 CCCCCACCGCTAGGTGTCCGGCCGCCTCCTCCCTCACGCCCACCCGCCCGCTGGAAAAAG 
677 AJUlCCGCrCGGACTGAGTTTCTTTCTCCAGCTGCTGCCAGCCCGCCCCCTGCAGC 

737 TCCCAACTCGCATCCCTGACGCTCTGGATGTGAGAGTGCCCCAATGCCTGACCTCTGCAT 
797 CCCCCACCCCTCTCTTCCCTTCCTCTTCTCCAGCCAAAGATGGTGCTCCCTGCATCTTCG 

j . . A . K ., D /G A P -C I F 

357 GTGGTACGGTGTACCGCAGCGGAGAGTCCTTCCAGAGCAGCTGCAAGTACCAGTG»CGT 
GGTVYRS GESFQSSC KYQCT 
917 GCCTGGAGCSGGGCGGTGGGCTtfCATGCCCCTGTGCAGCS^TGGACGTTCGTCT 

CLDGAVG CMPLCSMDV-RLPS 
977- CTGACTGCCCCTTCCCGASGAGGGTCMLGCTGCCCGGGAAATGCTGCGAGGAGTGGGTGT 
P D C P F P R RVK*LPGKC CE SWV 
1037^. GTGACGAGCCCAAGGACCSlZUldCGTGGTTGGGCCTGCCCTtGCGGGTGAGTCGAG^ 

C D E P K D Q T VV G P ALA 

1097 CtCTAAGTCACSSiS^CGTGATTCTCrCCCAGGGAGGGACT 

11S7 GGGAAATACCTTATCAGGCGTTTTACATGGTGTTTGTGTGCTCTGCTCTCGCAGCTTATC 

12 17 GACTGGAASACACGTTTGGCCCA6ACCCAACTATGATTAGAGCCAACTGCCTGGTCCAGA 
R"L E^D T F G ^ D P T' M"I R A N C L V Q 
1277 CCACAGAGTGGAGCGCCTGTTCCAAGACCTGTGGGATGGGCATCTCCACCCGGGTTACCA 

' T- T'-E"'*W-S "A - C-S^' KVT -C G G 'I S^T^'R V^T 

13 3 7 ATGACAACGCCrCCTGCAGGCTAGAGAAGCAGAGCCGCCTGTGCATGGTCAGGCCTTGCG 

■ N .D N- -A-- 'S' c -^R Lv ^;:-K/"Q s :r: L > : M V R_^ C 

1397 AAGCTGACCTGGAAGAGAACAirrAAGGTACATGTTCTGCTCCTATTAACT 

■ '-E-^ A li' "E^^- E. ■'■r.' -K: VUv'..Intxbn: 4' ..r^...... 

1457 GGAAAAACAGTGGATAGGACCCAACTTAGGGCTCTTGCACGCTT G m 
1517 TMCTCCAAAACrrATCTAACCATTGAGCT 

1577 iUlCCACCAGTXTTCCACTACGAAATCTTCCACAGGGTTAGTTAATTC^ 
1637 AGAGGCtClTGGGiAlrT^^ 

1697 TAAACAGAAGTCAGACAAC^GAAGACTAAAACACAGAGGGTTGAAGAAAGCCACT 
1757 TGTAGAGtCGC*GATTl?3S:^^ 

i. . . . K G 

18 17 AASU^CTGCATCCGtACTCC 

■K K C I R T P K I S K P I K F E L S G C 
1877 CCAGCATGiAGAiCiTACCcaGOT 

T S H K T Y'^ ^ R A K F : C. V\G:;:^\V C T b> G R C C 
19 37 --CCCCCCAGAGAACeACCACCCTGCCM 

tphrtttlpvefkcpdgevm'' 
1997 agaagaacatgatgttgat<aulgagctgtgcct 

kknmmfi ktcachyncpgdn 

2057 ACaTCrrTTGJUk'tCGCTGTACTACAGG 

difeslyyrkmygdm a * 

'2117- tgagagagattaagtcattagactggaacttgaactgattcacat^ 

2177 AAATGATTTCAGTAGCACAAGTTATTrAAATCTGTT^ 
2237 C^CCCAATT'CAAAAC^ 

2297 TTGAAGAATGTTAAGACTTGACAGTGGAACTACATTAGTACACAGC^^ 
2357 TAAGGTirrCGCi^A&GAGGAGT^ 

2 4 17 TCTTATACGAGTAATATSCCTGCTATTTGAAGTGTAATTGAG 
2477 CTCACrGACCrGCCrGTAGCCCCAGTGACAGCTAGGAT.GTGCATTCT 
2537 GACTGAGtCAAGtTJGtTGCTTAAGTCAGAACAGCAGAC^^ 

■ 2 5 9 7 AATGACACTGTTCAGGAATCGGAATGCTGTCGATTAGACTGGACAGCTTGTGGCAAGTGA 
2 6S7 ' ATTTGCciiTGTAACAAGGCAGATTTTrTAAI^T^ 

2717 GTGTGTGTATATATATATATATATGTACAGTTATCTA^VGTTAATTTAAAGTTGTCT 
2777 ' CTTTTTATTTTTGTTr^ 

2837 ATAGGTAGAATGT AAAGCTTGTCTGATCGTTCAWLGCATGAAATGG ATACTTATATGGAA 
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2957 GT G TCTT GGCAGGCIGATTTCTA6GTAggAAATGTCGTAGCTC&C Gl " iri!A ATGAACa^ 
3017 GGCCTT ATTAA AAACTGAG TGACTC lATATAgCTGATCA GirriUT CACCTGAAGC&r rrU 
3077 I ' l ^ C TA CLV rGA IATGA CTGTTlYrCGACA GTC TA ri T Ga ' r GAGAGTGTGACCAAAAG^ 
3 13 7 XCX L\, ' L ' l ' r G CA.CCiriTCIXG^GhIJAV^^ 
3197 TAITCAJTTaTC CriC T A AAGATTica<S&G* jmk '< J ^ ^ 
3257 TAATCATAAGATAAyrC&Ce aATAATO ^TCia^^ 
3317 lUUlT TGAJTAJTCCATAGAATTTTTATGTAAACaJ^ 
3377 GACTTGCAGGCATA . ^ 
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Figure In situ hybridization detection of CTGF expression i 

humerus of newborn mouse. , 
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Figure^. 



p-galactosidase expression in transgenic mice possesihg the 
CTGF promoter-prgalactosidase reporter fusion gene. 



14 I> 



Panel A. W&ble mbiint i)ay 12 mouse emtiryo 




Panel B, Hind foot of newborn. 




BNSDOCID: <WO 9638168A1 I > 



wosemies . „ pcr/DS96/q82io 

7/12 , 

Figure 4. Effect of CTGF on the differentiation of C3H10T1/2 cells 
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Figure 5. Northern blot of CTGF mRNA demonstrating the expression 

of the GTGF gene during bone repair. 
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Figure 6. Induction , of CTGF by TGF-p in human osteol^l^stri 
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FIGURE 8A 



Sca£chard Plot of CTGF Binding to NRK CclU 
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Scatchard Plot of CTOF Blading to Rat Chondroblasts 
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